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Intel the Microcomputer 
Company: 


When Intel invented 
the microprocessor 
in 1971, it created the era of 


microcomputers. 
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in automobiles 
or microwave 
ovens, or as personal 
computers 
or supercomputers, 
Intel's microcomputers 
have always offered leading-edge 
technology. 
In the second half of the 1980s, Intel 
architectures 
have held at least a 75% market share of microprocessors 
at 16 bits and above. 


Intel continues 
to stlive for the highest standards 
in memory, microcomputer 
components, 


modules, and sy~;tems to give its customers 
the best possible 
competitive 
advantages. 
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In the late 19705, concerns 
about environmental 
pollu- 
tion, long lines at the gas pumps 
and federal standards 
for fuel economy 
created 
unprecedented 
challenges 
for 
the automotive 
industry. 
A primary 
source of new ca- 
pability, 
the microcqmputer, 
arrived 
on the scene and 


started 
the "Electronic 
Age" of the automotive 
indus- 


try. This was a time characterized 
by a shift away from 
independent 
components 
to increasingly 
sophisticated 
control 
systems which linked components 
together 
into 


an engine control 
system. 
It was also a time of Very 


Large 
Scale Integrated 
Circuits 
(VLSI). 
The first ap- 
pearance 
of VLSI microcomputer-based 
engine controls 


occurred 
in 1976 with the MISAR 
Electronic 
Engine 
Control 
System on General 
Motor's 
(GM) 
Toronado. 


VSLI 
microcomputer-based 
engine 
controls 
from 
Chrysler 
and Ford 
followed 
quickly 
with Ford 
intro- 
ducing its first generation 
of electi:onic engine controls, 


called EEC-I, 
in 19/8. Microcont.roller 
has all but sup- 
planted 
the microcomputer 
terminology 
because of the 


control application 
and the advent of the microcomput- 


er system. 


As quickly as the capability 
of the microcomputer 
was 
proven 
for engine control, 
automotive 
engineers 
real- 


ized the tremendous 
potential 
of the microcomputer 
for 


other functions. 
The next few years witnessed a dramat- 


ic increase 
in the 
number 
of engine 
functions 
con- 


trolled. 
The VLSI industry 
continued 
to advance tech- 
nology by downward 
scaling of th,: basic transistor 
size. 


As functions 
and memory 
usage mcreased, 
more logic 
and memory 
were integrated 
onto the microcomputer 


chip. 


In the early 19805 as the applicatlOn of the microcom- 
puter 
for environmental 
and fuel economy 
control 
be- 


came better 
understood, 
the foct.s of the automakers 


shifted 
to performance. 
Cars now had 
to be "fun 
to 
drive" 
and give the driver a feeling of control. 
It was 
not sufficient just to meet federal regulations. 
New gen- 


erations of engine controls and, more recently, electron- 
ically modified 
suspensions 
and anti-lock 
braking 
sys- 


tems emerged. 


By 1983, Ford 
had evolved to its fourth 
generation 
of 


engine 
controls, 
or 
EEC-IV. 
EEC-IV 
is 
designed 


around 
an Intel custom 
16-bit mic:rocomputer 
chip set, 


comprised 
of the 8061 CPU and the companion 
8361 


memory chip. As controlled 
engin.: functions 
continued 


to increase, 
and as automotive 
engineers 
became more 


familiar with the power and flexibility of the microcom- 
puter, memory 
requirements 
increased dramatically. 
In 


1978, for example, 
the 
Ford 
EEC-I 
used only 
1542 


(I.5K) 
bytes 
of program 
memory. 
By 
1983 EEC-IV 
used 16 Kbytes, more than a lOX increase in six years. 
The memory 
technology 
used during 
the early days of 
microcontrolled 
engines 
was 
Read 
Only 
Memory 


(ROM). 
ROM 
technology 
implies that the engine con- 


trol program 
was "hardwired" 
into logic in the ROM 


device 
and 
could 
not be altered. 
In addition, 
ROM 


technology 
is usually characterized 
by a typically 
long 


manufacturing 
cycle of eight to ten weeks or longer. 


Occurring 
simultaneously 
with 
the rapid 
increase 
in 


program 
memory was, the increasing 
number of unique 


engine 
software 
programs. 
Unique 
"codes" 
included 


those for 4-, 6- and 8-cylinder 
engines; California 
vehi- 


cles; those with and without 
automatic 
transmissions; 


and even some unique codes for high-altitude 
locations. 


The automotive 
software 
engineer 
soon found himself 


to be the bottleneck 
to "Job 
# I". Twenty-five 
or more 


codes were not unusual, 
and automakers 
were forced to 


stagger 
the final sign-off 
of each code to prevent 
an 


overload 
situation 
for the software 
engineer 
and 
the 


VLSI 
suppliers 
who were faced with this on-rush 
of 


new codes as "Job 
# I" approached. 
Automakers 
were 


also faced with monumental 
material 
control 
logistics 


during 
code 
start-up 
and 
change-over. 
Last 
minute 


changes in codes could and sometimes did cause vehicle 
line stoppages. 
It was time for a change. 


The solution 
to the problems 
resided with the Erasable 


Programmable 
ROM 
(EPROM). 
EPROMs 
allowed 


codes to be altered 
electronically 
at the engine system 


manufacturing 
plant, 
thus 
giving 
the 
automaker 
the 


time to finalize codes and to better control 
inventories. 


In 1982, GM was one of the first to use EPROM 
tech- 


nology for engine control 
via Intel's 
2716, a 2-Kbyte 


device. By 1984, Ford was using an Intel-designed 
cus- 
tom 
16-Kbyte 
EPROM 
in EEC-IV. 
Today 
EEC-IV 


uses an 
Intel 
32-Kbyte 
custom 
EPROM, 
the 
8763. 


EPROM 
technology 
played 
an important 
role in this 


phase of engine controls 
and will continue 
to do so in 


the future as transistor 
scaling and memory 
densifica- 


tion continue. 


As mentioned 
earlier, the focus has now shifted to per- 


formance 
and driver control. 
This has brought 
on the 


introduction 
of 
microcomputer-controlled 
anti-lock 


braking 
systems 
(ABS) 
and 
electronically-controlled 


ride and semi-active suspension 
systems. An example of 


a popular 
ABS is the Alfred Teves GMBH 
system. In- 


troducj:d in 1985 on luxury cars, but currently 
in use on 


many 
popular 
U.S. and 
European 
sedans, 
the Teves 


ABS is based on Intel's MCS-8051 family of microcom- 
puters. The system controls 
the brake fluid pressure 
to 


prevent the wheels from "locking up" (and the car from 
losing steering control) 
in severe braking 
conditions. 


Robert 
Bosch GMBH 
and Kelsey 
Hayes 
in the U.S. 


have also emerged 
as leaders in ABS. The Kelsey sys- 


tem was introduced 
this past year on various U.S.-man- 


ufactured 
light trucks. 
It controls 
only the rear brakes 


of the truck. Since rear axle loading varies significantly, 


rear braking control keeps total truck braking in bal- 
ance. 


Bosch has taken ABS to new levels of sophistication by 
integrating traction control with very little additional 
hardware or software. Traction control prevents the 
spin of the driven wheels, thus maintaining stability if 
vehicle acceleration is excessive. The new Bosch system 
was introduced this year on European luxury sedans. 


A number of different ride control systems have been 
introduced over the past few years, primarily on luxury 
or sports vehicles. These systems use microcomputers 
to adjust shock absorber damping to provide the driver 
with the choice of a "firm" or "soft" ride. An example 
of this kind of system can be found as an option on the 
1987 Ford Thunderbird. 
Soon to be released systems, 


described as semi-active, move 
2. step closer to total 


control of the spring rates as wdl as shock absorber 
damping. 


Where then does the "Electronic Age" lead to in the 
future? Engine controls will evolve into Powertrain 
Control Computer Systems (PCCS). New levels of so- 
phistication will be achieved in modeling the combus- 
tion process and in the ability to control the combus- 
tion of each cylinder for peak performance and fuel 
economy, while reducing pollutants even further. Elec- 
tronic automatic transmission controls will be integrat- 
ed into the PCCS. Cruise control, already integrated 
into some engine controls, will t~volveto "drive-by- 
wire" to become a component of the PCCS. 


The YLSI industry will also move ahead, continuing to 
produce more powerful and capa,le microcomputers. 
Sub-micron technology now on the horizon is capable 
of packing more than a million transistors of random 
logic onto a cost-effective device. PJOcessingpower, cal- 
culated in terms of millions of instructions per second 
(MIPS), will increase at least an order of magnitude by 
the early 19905into the range of 20 to 30 MIPS. The 
transition to 16-bit and 32-bit microcomputer systems 
with more sophisticated input/ou~put circuitry (I/O) 
will emerge. Memory growth will also continue to 
grow, reaching 1- to 2-Megabytes. In-circuit alterable 
memories will become the norm. These memories will 
allow the automaker to evolve to In-module program- 
ming of the codes for the PCCS at the end of the assem- 
bly line. Both EPROM and the newly emerging Electri- 
cally Erasable PROM (EEPROM) technology will fa- 
cilitate this movement. 


What about systems other than Pces? 
A .University of 


Michigan study in 1986 forecasts a 50 percent usage of 
ABS and 40 percent usage of ride and active suspension 
systems by 1995 for U.S. vehicles. An approach to facil- 
itating this growth parallels that of engine controls in 


the form of a Vehicle Control 
Computer 
System 


(YCCS). Integration of ABS, traction, suspension, and 
perhaps steering will form the YCCS. Likewise, a simi- 
lar integration will occur for passenger compartment 
controls such as the Instrument Cluster, Climate Con- 
trol, Trip Computer, and other comfort and conve- 
nience controls. Ford has referred to this as Stage III of 
the "Electronic Age". 


What then becomes the next technological barrier to 
hurdle? An estimate by Chrysler predicts 250 new vehi- 
cle electrical circuits will be added between 1985 and 
1989. Since 250 new circuits were added from 1981 to 
1985, some 500 new circuits will be added to the aver- 
age car in eight years. Integration of new electronic 
systems will continue this growth. The solution to cir- 
cuit complexity seems to reside in multiplexing. Multi- 
plexing uses the concept from office automation of link- 
ing systems together on a common path or bus to share 
information. For the automakers, both data and control 
information must be conveyed reliably in a very electri- 
cally "noisy" environment. Many automakers are now 
involved in defining the requirements of multiplexing in 
the future. The Society of Automotive Engineers and 
the American Trucking Association in the U.S. as well 
as the 
International 
Standards 
Organization, 
have 


formed subcommittees to focus on understanding mul- 
tiplexing and to set standards. This task is made more 
difficult by the varying needs from simple on/off con- 
trol to very high-speed sharing of data and control in- 
formation for complicated electronic systems such as 
the PCCS. 


Robert Bosch GMBH and Intel have collaborated on 
one such multiplexing scheme referred to as Controller 
Area Network (CAN). Designed for a broad range of 
applications where data and control information are 
important, CAN utilizes technology to allow the auto- 
maker to easily integrate communcations into existing 
electronic control systems. By the mid 19905,with the 
advent of cost-effective silicon switches, multiplexing 
schemes will become commonplace. 


In conclusion, YLSI microcomputer 
technology ush- 


ered in the "Electronic Age" for the automotive indus- 
try and will continue to sustain it for tomorrow. As 
more complex microcomputer-controlled 
systems are 


required over the next 10 to 15 years, continued down- 
ward scaling of the basic transistor will result in higher 
performance and higher levels of integration of both the 
microcomputer 
and memory devices. Scaling, along 


with unique memory technologies such as EPROM and 
EEPROM will offer new levels of flexibility, adaptabili- 
ty, and diagnostics to the automakers. The technology 
of multiplexing will bring the "Electronics Age" of ve- 
hicle electronics to Stage III with sophisticated, yet 
cost-effective electronic computer control systems. 


CHAPTER 
1 
A,UTOMOTIVE DIVISIONS 


Intel Components consists of a number of product operations, which historically have started out in Santa Clara, 
CA, as smaller segments of a larg(:r product division, and were reorganized as separate entities when their market 
segments became sufficiently large. Ultimately, the groups moved to other locations as they grew in product breadth 
and volume. Consequently, although Intel utilizes three major silicon technologies and one major non-silicon tech- 
nology, Intel Components is now composed of many product operations. The three silicon technologies, random 
access memories (RAMs), non-volatile erasable programmable read only memories (EPROMs and E2PROMs), and 
microcomputer chips account for nine operations. 


Rather than attempt to describe ea,:h operation separately, this section is divided into major product areas, some of 
which are not specifically identified with any product division. For example, military products are specially process- 
ed and tested products, otherwise identical to Intel standard products manufactured by other product divisions. 
Microprocessors and microcontroll~rs utilize the same fab processes; the divisions reflect more customer orientation 
than internal distinctions. 


In order to ensure product quality and reliability consistency between divisions, Intel Components Q & R is repre- 
sented in each division by a distinct Q & R staff, all reporting to the Director of Components Q & R. 


In addition, the various product divisions are linked by a Manufacturing Managers Council (MMC). Since each 
division in essence purchases its products from Intel's Wafer Fab, Assembly and Test Manufacturing Divisions, it is 
essential that division-to-division differences be minimized and common resources efficiently utilized; this is the 
charter of the MMC. 


The functions of the product divisicns are described in terms of memories, non-volatile memories, and microproces- 
sors, with three special sections on analog (telephony) products, automotive products and on military products. For 
more detailed descriptions, the reader is referred to the appropriate product division handbook or product catalog. 


The Automotive group is involved in designing, manufacturing, and marketing microcontrollers and memories for 
the automotive world. These integrated circuits are primarily used for engine control, dashboard control and display, 
suspension systems, braking, and power steering systems. Automotive network systems will soon eliminate the need 
for mechanical linkages between th,~operator and the automobile's functions. The Automotive integrated circuits 
perform both analog and digital processing and control in extremely harsh environments that demand the highest 
levels of quality and reliability. 


The expected life of integrated circuits in automotive applications is in the range of ten to twenty years. Special 
considerations must be taken in design, processes and materials to meet these requirements. Testing of these highly 
integrated analog and digital circuits usually extends beyond those of normal commercial products. Both the analog 
and high frequency applications reqllire specialized test equipment of great accuracy and repeatability. Due to the 
numerous methods of testing micro<:ontrollers, customer correlation activities take on even more significance. Be- 
cause of these unique requirements, Intel has developed specialists in automotive applications, quality, reliability, 
and design. 


Quality and Reliability Organization 


The Automotive Quality and Reliability Organization is well versed in both quality and reliability procedures for 
microcontrollers and memories in automotive applications. The quality and reliability of the product are integrated 
into the design and carried into the wafer fabrication assembly and test areas. The product is then subjected to 
qualification procedures that meet tt..ehigh standards of the automotive industry. 
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The Automotive Q & R organization shares common wafer fabrication, assembly and test information which ensure 
the latest technology improvements and methods are used in the Automotive products. Mter the initial design, 
Q & R participates in three programs to ensure customer satisfaction. These three areas are: Reliability Testing, 
Monitors, and Product Quality Improvement. 


Reliability Testing 


The Automotive Q & R organization qualifies the product to ensure that both the customer and Intel specifications 
are met or exceeded. This reliability testing ensures conformance to the actual process. These reliability tests include 
some of the following: 


1. High Temperature Dynami<:sBurn-In/Life 
2. High Temperature Storage 
3. PackagelDie Stress 
4. Electrostatic Discharge Characterization 
5. Moisture Resistance 


Once a technology/product 
is qualified, production monitors are established to ensure that reliability objectives are 
met on a continuing basis. Sample:.from standard production material representing each technology, product family, 
and manufacturing plant are su~jected to reliability testing. Analysis allows for rapid identification of potential 
problems and subsequent corrective action. If at any time a failure rate exceeds predetermined limits, production 
shipments are held until corrective action has taken place. 


Product Quality Improve'ment 


QualitylReliability 
improvements start during the initial phases of a product's development and last throughout its 
life cycle. As the product/technology 
matures, lower defect levels are obtained. Using data and failure analysis from 
qualification and monitor activitiei', dominant mechanisms are identified. These mechanisms are fully characterized, 
resulting in optimized or new screens and/or process control improvements. Each new generation builds on this 
knowledge. While Intel employs the use of screening techniques to improve quality and reliability in the early stages 
of a product's life cycle, the longer term goal is to achieve reduced product failure rates through process and/or 
process control improvements. 


Intel also uses the failure analysis/correlation request (FA/CR) system to achieve mature product quality/reliability 
improvements. Through the FAleR 
program any customer can request Intel engineers to investigate potential 
problems. Analysis is performed on the returned devices, and a detailed report is written and sent to the customer 
explaining the findings, cause, and actions taken to correct the failure. 


A questionnaire is also sent to tte customer with a stamped/addressed 
envelope for comments on the FAiCR 
system. 


Automotive customer confidence i:;essential to achieve minimal or no incoming inspection. A formal program that 
regularly feeds back to Intel information on defects, returned material, and other data can effectively eliminate any 
problems and increase awareness (ofproduct quality and reliability. 


The Intel operation responsible for Automotive Memory Devices is located in Folsom, California. This operation is 
supported by two product-specific groups within Q & R: a Product Assurance group which addresses outgoing 
quality issues, and a Quality/Reliability 
Engineering group which ensures that improvement programs constantly 
maintain Intel's leadership position in supplying high-reliability products. 
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A prime responsibility of Product Assurance is to perform the final product inspections designed to ensure that 
product quality goals are continually met. Product-specific quality data from Intel's centralized test facilities are also 
forwarded to and monitored by Product Assurance. The data are routinely trended for the three major categories of 
defect modes, electrical, hermeticity, and mechanical/visual. A detailed breakdown of the failure modes is regularly 
reviewed to assure control and to assure that timely corrective actions are effective in eliminating defects from any 
source including design. 


Product Assurance is also responsible for administering and/or implementing several of the customer-related quality 
programs within Intel. An example of one of the programs is the Qualification Detail Form (QDF) System, which 
provides customers with evaluation units built to negotiated specifications. A second example is the Failure Analy- 
sis/Correlation 
Request (FAlCR) System, which provides customers with an avenue to obtain a thorough analysis 
by Intel. Intel provides the customer with preliminary verbal reports and a written EER (Engineering Evaluation 
Report) which defines the cause. It also defines the required corrective action taken by Intel and recommends action 
applicable to the customer. A third example is the Customer Specification System, which ensures that negotiated 
product flows, tests, or monitors are in place and operative at all times, according to customer requirements. 


The primary responsibility of Product Q & R is to ensure that Intel products meet the corporate goals for quality and 
reliability at all times during the product life cycle. This responsibility is shared with other reliability engineering 
groups within Intel when appropriate. In Oregon, for example, a Technology RE group works closely with Technol- 
ogy Development during the development cycle of a new RAM technology. As the development cycle draws to a 
close, the Product Q & R group involvement increases to ensure that manufacturing controls are developed and 
implemented. A coordinated effort ensures that the qualification exercise addresses all known or potential hazards. 
New types of packages and/or new assembly processes are likewise qualified by a coordinated effort with Intel's 
Package Q & R group in Chandler, Arizona. 


The qualification of a new product at Intel requires a large and meticulous effort, but the process does not stop at the 
initial qualification. Each new design or design iteration undergoes a separate qualification exercise, even though the 
manufacturing processes remain essentially unchanged. Particular attention is paid to layout-sensitive parameters 
that may impact quality or reliability, such as electrostatic discharge (ESD) sensitivity, AC marginality, and soft 
error rate. Product Q & R works closely with Design Engineering to ensure that quality and reliability are designed 
and built into these products. 


Small and inexpensive microprocessors have made possible scores of products ranging from simple toys to complex 
satellites. At the same time, microprocessors have created a fast-growing market for memories, the devices that store 
the programs and data that instruct the microprocessor. 


The devices best suited for these applications are non-volatile memories that do not lose programmed data when 
power fails or is shut off. These memory devices must also allow data to be read quickly and do not require data to be 
changed during operation. Some allow programs to be separately altered when not in operation. 


Non-volatile memories produced by Intel include Read Only Memory (ROM), Programmable ROMs (PROMs), 
Erasable PROMs (EPROMs), Ele~trically Erasable PROMs (E2PROMs) and Erasable Programmable Logic Devic- 
es (EPLDs). What distinguishes these various devices is the degree to which their contents can be changed. 


ROMs are preprogrammed by the semiconductor vendor to the customer's specifications. They are the least flexible 
non-volatile memory because they can be programmed only during wafer fabrication. 


As with ROMs, PROMs can be p:rogrammed only once--but by the customer. These devices allow the customer to 
inventory blank PROMs and program them when needed. EPROMs in plastic packages fit this category because 
they can only be programmed once; however, they have the advantage of being fully tested for speed, programmabili- 
ty, and data retention. Surveys of EPROM usage show that 80 percent of all EPROMs are programmed only once. 


Erasable PROMs are more flexible than ROMs or PROMs because they can be programmed, erased, and repro- 
grammed by an OEM (original eqllipment manufacturer) or end user. Reprogramming an EPROM requires that it 
be erased by exposure to intense ultraviolet light for about 15 minutes through a UV transparent window in its 
package, and then electrically reprogrammed with new instructions. EPROMs now offer the same density and 
performance as ROMs. OTP EPROMs (one time programmable) are now also available in plastic windowless 
packages and are intended for the high volume automated end user or as ROM replacements. 


Erasable Programmable Logic Devices are a new ASIC device. They currently use EPROM technology and are 
available in several architectures. They are intended for uses similar to logic arrays, PLDs, and a variety of other 
uses. 


Non-volatile RAMs have the characteristics of both E2PROMs and static RAMs. They read/write at microproces- 
sor speeds like a static RAM. Non-volatile RAMs have an E2PROM memory cell for each bit of static RAM 
memory that stores non-volatile data. The non-volatile data can be stored in 10 ms and recalled in 10 /Ls. NVRAMs 
are useful for power-fail applications where critical data must be quickly stored. 


EPROMs and E2PROMs use a dual-layer polysilicon gate technology to permanently store charge. Floating gate 
technology is used to store a charge that makes the memory cell conducting or non-conducting, thus implementing a 
logical "I" or "0". The floating polysilicon gate is surrounded by high quality, thermally grown silicon dioxide, 
which gives these memory devices their excellent data retention capabilities. 


The floating gate EPROM cell layout is shown in Figure la and in cross-section in Figure lb. The memory cell 
utilizes a self-aligned floating gate to increase performance and density. The EPROM cell is initially in the neutral 
state with no charge on the floating gate, and the cell exhibits a threshold for conduction like a normal MOS 
transistor. The cell will conduct current when the access gate is selected. The memory cell is programmed via hot 
electron injection from the drain depletion region. A programmed cell has enough electrons on the floating gate so 
that the transistor does not conduct current, and the sense amp reads a programmed bit as a logical "0". 
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Intel pioneered the first microprocensor, the 4004, in 1972. Since then, the market has grown dramatically, resulting 
in a wide range of device shapes, nizes, and capabilities. Applications are even more varied than the number of 
processors themselves. To support this growth, Intel has established three separate operations. The Microcontroller 
Operation is located in Chandler, Arizona, while the Microprocessor Operation is in Santa Clara, California, and the 
Peripheral Controller Operation is in Folsom, California. 


Microcontrollers are intended for low-cost, high-volume, minimum chip count applications. Intel's Microcontroller 
Operation product lines include the MCS-48, MCS-5I, and MCS-96. Microcontroller architectures minimize support 
circuitry required for operation; in many applications, the microcontroller is the only integrated circuit present. The 
operation also supports chips which extend the basic single-chip controller into board-level systems. 


Testing micros is considerably dilferent than testing traditional memory circuits. First, unlike RAMs and ROMs, a 
failing transistor is very difficult to locate in a typical microprocessor/microcontroller 
design. With memories, there 
are cost-effective techniques for mapping failing bits as seen by a tester to physical device locations. These techniques 
are very expensive for random logic and simply do not work on devices as complex as an 8051 or an 80286. In a 
micro, finding a bad transistor is literally like looking for a needle in a haystack. For this reason, it is difficult to 
perform fundamental reliability experiments using random logic designs. All the microcomputer operations use 
reliability data collected by the memory operations on a similar process to simplify a microcomputer's qualification. 
A process capable of producing high quality memories is also assumed to be capable of producing high-quality 
micros. 


Second, since the typical micro i!:more difficult to understand than a memory chip of the same vintage, testing a 
micro becomes more challenging. Micros contain on-chip memory and register banks identical to the cells of 
memory chips and have all of th(~memory chip pattern sensitivity problems in addition to "stuck at one/stuck at 
zero" fault observability problems not found with memory chips. As a result, microcomputer qua1ification proce- 
dures concentrate on test completeness more than memory operations do. 


The subject of microcontroller qualification and the related subject of microcontroller chip test---{)rmore specifical- 
ly, the thoroughness of that test or really the comprehensiveness of that test-brings 
us to Intel's commitment to 
Fault Grading testing. Intel's commitment to achieve full model test in Microcomputer Integrated Circuit designs. 
This commitment to 100% nodal ':estcapability is based on Intel's desire to achieve complete failure characterization 
of microcomputer Integrated Circuit designs. Failure characterization data is clearly important to the subject of 
automotive safety. 


Current generation micros have packed more features on a single chip than ever before and as a result need more 
connections between the chip and. the outside world. In other words, the pin count of a micro far exceeds the pin 
count of a memory. The microcomputer reliability engineer spends significant time evaluating packages. For exam- 
ple, the 68-pin leadless chip carrier used with the 80186 was initially prone to lead-chipping problems until handling 
procedures and equipment were modified to accommodate this new package type. 


Because they can easily find failing transistors, the memory operations perform the fundamental process reliability 
studies. In addition to training in electrical engineering, their reliability engineers also have strong backgrounds in 
solid-state physics. As a result, memory qualification procedures collect more lifetest device hours than the micro- 
processor operations do. On the other hand, the microcomputer reliability engineer is additionally concerned with 
testing and package issues not se~n with memories. Fewer lifetest hours are collected and more time is spent on 
review of design, testing, and handling procedures. 


As the microprocessor market has grown, it has matured. The quality and reliability goals demanded of today's 
micros track the goals set for memories. New procedures and techniques are continuously developed to reach these 
goals. Procedures used by the microprocessor operations are based on procedures established by the memories. Intra- 
site forums and councils are used to communicate developments from other sites, and all operations at Intel use 
similar operating procedures. Diffclrencesin the product lines still cause the operations to vary in what they concen- 
trate on, but common procedures and tools still allow all operations to benefit from the others' experience. 


As mentioned, microcomputer operations depend on memory operations to establish initial process reliability and 
quality baselines. Product screening techniques developed by the memory operations, such as high voltage cell stress, 
are incorporated into microcomputer production flows. Microcomputer qualification procedures are then designed 
to detect non-conformance to goals, while the memory operations actually measure and quantify process/product 
performance. Reasonable effort is made to use memory product results and not reinvent wheels. 


With micros, however, large dice and large packages raise additional concerns. Large random logic circuits contain 
less active gate area and more interconnection than do memories. Also, with high integration and high capability 
comes significantly more power consumption. To ensure no new hazards are created by these large dice, additional 
monitors and procedures are run within the microcomputer operations. 
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Microcomputer Integrated Circuit Reliability will be established utilizing the Automotive Integrated Circuit Qualifi- 
cation Plan. This Plan, mentioned earlier, is to be rooted in the SAE Integrated Circuit Qua1ification Plan which 
itself draws heavily on JEDEC 22A and MIL-STD-883 for methods. Some of the significant elements of the SAE 
Qualification Plan include: 


• Temperature Cycling Molded Devices 


• Thermal Shock 
• Unbiased Autoclave 
• Biased Humidity 
• Operating Life 


• Bum-In 
• Power Temperature Cycle 


• Internal Exams 
• Electrostatic Discharge 


This is a subject of particular importance to automotive engineers concerned with Automotive Integrated Circuits. 
Intel automotive, responding to thi. concern, places heavy emphasis on the EOS aspects of the microcomputer 
Integrated Circuit Design. ESD prot::ction-a 
subset of EOS protection-is 
a highly visible aspect of the microcom- 


puter Integrated Circuit Design and one that isjudged with great care. The Intel Automotive Qualification Process is 
also very sensitive to the ESD issue. 


The Microcontroller Operation product line is not as broad as microprocessors or peripherals, but the products are 
manufactured at higher volume. This volume makes microcontrollers the primary monitor vehicles for 600 mil 
packages within the microcomputer operations. As in memory operations, a typical microcomputer monitor will 
subject 1000 units to a 48-hour 125°C dynamic bum-in, followed by a lOOO-hour125°C lifetest on 100 of the same 
units. Should the monitor process indicate failure results that exceed Intel's reliability goals, the Material Review 
Board (MRB) process will dictate th,~appropriate corrective action response. 


Volume also makes it easier to measure and detect improvements in reliability and quality. New ideas in assembly, 
test, or finish are tried first on controllers and then, if favorable results are obtained, applied to the processor and 
peripheral lines. As an example, devdopments in wafer fabrication for high-reliability plastic were first applied to 
MCS-48 products and then applied to processors and peripherals. 


Microprocessor and peripheral devices must work with many other chips in any given system, and they have 
interaction problems not found with single-chip controllers. The microprocessor and peripheral QRE operations 
together developed a procedure called. Product Validation in which chips are evaluated in a system environment in 
addition to stand-alone performance against specification evaluations. 


One of the quality improvement techniques mentioned earlier was Product Validation. Product Validation separates 
into four major activities where product reliability is only a fraction of the overall product quality program. Intel 
believes that a high quality microcomputer must: 


1. Meet or exceed all specifications 
2. Be produced without defects 
3. Work in a system as intended 
4. Work reliably 


All new devices designed by micl'Ocomputer operations must pass all these verifications before volume shipments are 
allowed. 


Product Validation is the methodology by which the microcomputer operations prove beyond reasonable doubt that 
a new product or a redesigned product meets all of its specifications and requirements and is production-worthy, as 
shown in Figure 2. 


Product Validation is a good example of how a Quality Reliability Engineer (QRE) works with the other depart- 
ments at Intel. Within an operation, different departments are responsible for each of the four Product Validation 
activities. 


Design Engineering is the group responsible for measuring the conformance of a new (or changed) product to all 
specifications. These measurements are made at multiple combinations of voltages between Vcc 
± 15%, tempera- 
tures from - 55·C to + 150·C, ,md at several operating frequencies. When measurements are completed, a design 
verification is submitted to the Product Validation committee for approval. No product is shipped for revenue until 
this report is approved. 


Product Engineering is responsible for development of production test flows which produce defect-free product. Test 
results of material representing extremes of wafer fabrication variations are collected at test temperatures from 
- 55·C to + 150·C. The product engineer then chairs a series of test review meetings which document test limits and 
sequences and provide a forum to discuss future test enhancements. The QRE audits corrective action plans generat- 
ed at these test review meetings and any future changes to test flows. 


Marketing coordinates a beta-site program with selected customers to demonstrate that Intel product works as 
documented in end-user systems. This customer feedback program has proven very effective in improving new 
product documentation and Intel's production test. This portion of the Product Validation procedure is considered 
important enough to cause Marketing to limit product shipments until system verification is complete. 


The Quality/Reliability 
verification is the only portion of Product Validation actually performed by Quality and 


Reliability Engineering. In this portion of Product Validation, accelerated life stresses are applied to samples pulled 
from the actual manufacturing line and formal auditing of the total Product Validation procedure occurs. 
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In its simplest form, the auditing consists of reviewing the written plans submitted by Design Engineering, Product 
Engineering, Marketing, and Quality/Reliability Engineering against the requirements outlined in the Product Vali- 
dation Procedure Specifications. Plans which do not meet requirements (i.e., by omitting an experimental procedure 
or failing to collect necessary data) are not approved. Approved plans, filed in the Q & R department, 
are a 
prerequisite to shipping product for revenue. After approval, the work called for in the plan is performed and 
required data is collected. These dita are collected into a report, and this report is measured against its plan. The 
engineering group is finished when the report it submits documents that all points of the plan are completed. 
Revenue shipments are limited until all reports are approved. 


New designs begin life with a required 48-hour burn-in imposed on 100% of the revenue product. The Q & R 
verification plan will also detail a burn-in evaluation which measures the product's infant mortality rate. The 100% 
burn-in is removed from the production flow only after the product has demonstrated conformance to Intel's infant 
mortality requirements. Additional screens are imposed if infant mortality rates are not met. 


All fallout from any Q & R verification experiment or stress is analyzed to determine the failure mode. Since typical 
product qualifications produce very few failures, products on similar processes are combined into groups. These 
groups are reviewed for common I:roblems. When a dominant failure mode can be identified, corrective action is 
taken to nip the problem in the bud. Intel does not wait for a product to fail qualification to initiate corrective action. 


Product Validation was formally developed within Intel in 1980 and addresses quality improvement methodologies 
for new products and design changel; in an older product. Quality improvement, however, never stops. After product 
validation, product goes into production, and for product developed before 1980, Intel has several other programs to 
improve product quality. The wafer fabrication and assembly areas have improvement programs which benefit all 
products. Additionally, the product operations have programs to find and correct product-specific quality problems. 


While the Failure Analysis/Correlation 
Report (FAlCR) is not unique to microcomputer operations, this procedure 
spearheads our mature product quality improvement. Through the FA/CR program, any customer can request Intel 
engineers to investigate potential problems. The FA/CR is a natural extension of the System Verification beta-site. 


Product Engineering analyzes product failing at Final QA and takes corrective action, such as calibrating test 
equipment more often, tightening tel;t limits, or in some cases, renegotiating specifications. 


In all operations, QRE audits testing of selected products through the formal monitor program. In this program, 
units are pulled from the end of the manufacturing line and retested before reliability stressing begins. Units which 
fail this retesting step are useful in identifying critical product performance parameters. Product Engineering then 
trends these critical parameters, and by working with wafer fabrication engineers, is thus able to focus on key wafer 
fabrication processes to improve the product. 
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CHAPTER 2 
QUALrry IRELIABILITY 
OVERVIEW 


Intel is committed to the highest possible standards of quality, reliability and customer satisfaction in its products. 
Intel's founders knew that achieving the goal of technological leadership in VLSI was not enough: quality and 
reliability assurance programs had to be as advanced as the technical competence of the product itself. 


Intel's quality assurance procedures have not stopped with the traditional methods of testing and failure analysis. As 
VLSI technology has grown-largely 
as a result of Intel's leadership in original research and development of 
materials, process technologies, computer-aided design, applications engineering, and reliability physics-so 
too has 
the technology base of the quality program. This knowledge has been gained by the close involvement of the quality 
organization in the product life cycle, from validation of design rules through post-sale customer service. 


Intel achieves the highest standards of product quality and reliability by: 
• Making quality goals and achievements an integral part of every business operation. 
• Maintaining an extensive product qualification program. 
• Constantly striving to improve th,~quality and reliability process. 


Since it is management's philosophy that quality is everyone's responsibility, quality goals and achievements are an 
integral part of every business operadon. The annual planning process and the five-year strategic long-range plan 
(SLRP) both include quality objectiv,~, which are reviewed annually by Intel's executive staff. In addition, quality 
programs and goals are included in quarterly objectives, and progress is reviewed regularly. 


The basic philosophy of achieving quality excellence is "do it right the first time". To support this, quality training, 
courses on reliability physics, quality program reviews, and training in applied satistical methods are provided to the 
entire staff on Intel. 


All Intel products must pass a rigorous qualification program before they are released to the marketplace. Intel 
insists on building in quality and reliabilty for every product from the very beginning of a technology and product 
development cycle. After a product is qualified, strict controls and monitors are applied in the manufacturing 
process to ensure its quality level. All processes are audited regularly to ensure that they meet specifications. 


Intel constantly strives to improve its quality and reliability program by allocating significant research and develop- 
ment resources to reliability physics, quality engineering, and failure analysis. Intel will continue to expand industry 
knowledge in the critical areas that affect quality and reliability. 


Understanding Intel's quality and reliability methodologies is critical to recognizing the added value that is built into 
each Intel product. 


From its founding in 1968, Intel recognized that to become the leading world supplier of VLSI technology required 
programs to ensure the highest quality and reliability standards. These standards are in place. Intel product is at the 
forefront of technology. Intel quality and reliability are unmatched. In this handbook, the quality and reliability 
programs established at Intel will be discussed both conceptually and factually. In addition, a description of Intel 
matrix management, product divisions, manufacturing flow, and various support efforts provides a broad framework 
from which to understand Intel quality and reliability programs. In this section, a general description of these 
programs is given; details follow in subsequent handbook sections. 


Intel design, wafer fabrication, lll.sembly,and test facilities span the globe. There are design centers in Asia and the 
United States. Wafer fabrication facilities are located at six U.S. sites and in Israel. Assembly is performed in the 
U.S., the Philippines, and Malaysia. Manufacturing test facilities are located in the Philippines, Malaysia, Puerto 
Rico, and the U.S., while divisional test facilities operate at various U.S. sites and have extensions in Japan and 
England. In spite of this potpouJrri of sites, Intel guarantees that a customer will not receive products that have a 
"personality" based on its site of manufacture. The answer is a rigid system of standards imposed on every site, not 
just by means of product inspection criteria or process specification, but also through such vital functions as training 
and quality measurements, audits, and calibration. 


For example, the quality system requirements are the same for each site, leading to standardization 
of process 
control via the same inspections, monitors, and data reporting and trending. The data are therefore available for a 
uniform measurement of quality at each site. To further assure this standardization, all site quality and reliability 
managers report directly to the Director of Quality and Reliability and secondarily to the site functions. 


There are two internal gauges used to measure quality. The DPM report (Defects Per Million; 1000 DPM = 0.1% 
defective units) summarizes defect levels taken from samples at key inspection points. The second is the ITR 
(Internal Trouble Report) rate or the LRR (Lot Reject Rate), which are lot rejection rates based on pass/fail of any 
sample acceptance criteria. To reiterate, since all tests and methods of sampling are standardized, a measurement of 
overall site quality performance and data on the quality of particular products and lots are universally available, 
irrespective of site, process, or product. Yearly long-range goals are set for both DPM and ITR, and progress 
towards these goals is reviewed c:verymonth. 


Using the example of Intel's test sites, the DPM and ITR sample plans at each Final Quality Assurance (FQA) 
group on every lot of product is shown in Table I. 


Table 1. Sample Plans 


Commercial 
Product 
(Hermetically 
Sealed and Molded 
Plastic) 
"- 


Lot Size 
Sample Size 
Accept On 


Electrical Test 
< 10001 
125 
0 


MechanicallVisual 
<1200 
76 
0 
> 1200 
129 
1 


Hermeticity Test' 
<1200 
76 
0 
> 1200 
129 
1 


Military Product 
(Hermetically 
Sealed Packages 
Only) 


Sample Size 
Accept On 


Electrical Test 
125 
0 


MechanicallVisual 
76 
0 


Hermeticity Test 
76 
0 


Although the content of the electrical test varies with the product, the sampling and testing methodologies are the 
same. They are controlled under one specification, #25-1406, for the entire components test world. To further 
demonstrate this standardization, 
Intel has one specification for mechanical/visual 
inspection criteria, # 20-500 
(Intel Workmanship Standards), and one each for fme and gross leak hermeticity tests, #20-044 and #20-004, 
respectively. The Intel specificatio:n system is discussed in more detail in a later section of this handbook. The 
training procedures for these tests are written and distributed by a single group for each specification. 


The dramatic impact on DPM trend for an automotive deviee--as seen by the customer- 
as a direct result of Intel's 
ongoing improvements in quality system can be seen in Figure I. 
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To best describe the Intel quality programs, it is useful to follow the product flow from the time raw materials are 
purchased from Intel-qualified vendors until finished product is distributed to Intel customers. A generalized illus- 
tration of this product flow is shown in Table 2. 
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Quality Function 
Functional 
Flow 
Reliability 
Function 


Audits 
Material Quais 
Vendor Quais 
Vendor 
Material Monitors 


Inspections 
Gates 
Q&R 


Inspections 
Process 
Monitors 
Gates 
Plant/Process 
Quais 
Process Controls 
Fab 


Inspections 
Q&R 


Inspections 
Package 
Monitors 
Gates 
Plant/Package 
Quais 
Process Controls 
Assembly 
Audits 


OutgoingQA 
Q&R 


Inspections 
Product Monitors 
Gates 
Product Quais 
Process Controls 
Audits 
Test 
Reliability 
Monitors 


OutgoingQA 
Q&R 


Failure Analysis 
Reliability 
Analysis 
Correlation 
Reliability 
Analysis 
Customer 
, 


Intel manufactures no raw materials used in the production of integrated circuits. Silicon, chemicals, packages, and 
other materials are all purchased from Intel-qualified and -approved vendors. To ensure that only materials of the 
highest quality are used, Intel has an ambitious and far-reaching Vendor Quality Improvement Program (VQIP). 
This program operates under the following policies: 
I. Purchase materials only from a small number of the highest-quality suppliers in the world. 
2. Establish technical relationships with these few selected vendors and encourage strong technical interaction be- 
tween vendor and Intel to mutuaCy improve the entire technology. 


3. Strongly relate material specifications to factory performance so as to ensure a strong linkage between the material 
specifications and factory needs. 


4. It is Intel's intention to require compliance on the part of its vendors with the principles and tenets of SPC 
(statistical process control). 


5. Improve product quality through Intel-vendor interaction to achieve low defect levels so that Intel incoming 
inspection becomes a data-gathering activity. This program is called C ofC (Certificate of Conformance) in which 
vendors measure product quality to Intel specifications, and Intel accepts product based on vendor-supplied data. 


6. Base purchase allocations on quantitative vendor comparisons where quality, delivery, total cost, and vendor 
responsiveness to Intel issues are considered in each vendor's ranking and rating. 


The VQIP program has achieved the following goals: 
I. Reduced a large vendor base to a !:elect, world-class, highly qualified group of suppliers. 
2. Reduced incoming defect rate of 10-15% to under 2000 DPM. 
3. Reduced lot reject rate from 20% to under 2%. 
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4. Generated a system to purchase material based on a ranking system in which all qualified vendors have allocated 
to them a share of Intel's purchases based on monthly performance indicators. 


Some of the vendor quality improvement data trends are shown in Table 3. 


Table 3. Vendor 
Quality Trends 


1978 
1980 
1982 
1984 


Commodity 
DPM 
LRR 
DPM 
LRR 
DPM 
LRR 
DPM 
LRR 


Quartz 
25% 
20% 
8% 
3% 
Silicon 
25,000 
18% 
15,000 
12% 
6,000 
8% 
2,000 
2% 
Masks 
30% 
25% 
20% 
4% 
Piece Parts 
20,000 
16% 
15,000 
12% 
9,000 
9% 
2,000 
3% 


Wafer fab is the most sophisticated and complicated process in the production of VLSI devices. As wafer size and 
chip size increases and feature size decreases-because 
of chip complexity (see Figure 3) it becomes critical to reduce 
defect density levels. The yields if quality die are, to a very great extent, determined by wafer density levels. Since a 
single defect can render a large chip as inoperable as it can a small chip, the restrictions on defect level are 
continually being tightened. A given defect density on a wafer containing many small chips will be significantly less 
catastrophic than on the same wafer containing fewer large chips. 


The centerpiece program of the fab processing quality programs is SPC. This process whole heartedly supported by 
Intel ensures continuing stability of the fab manufacturing operation. This continuing stability may be the result of 
SPC-generated corrective actions or just the tangent result of SPC's constant presence. Additional quality programs 
for the fab operation includes: 
• Continuous in-process controls and feedback to process steps 
• Chip-level electrical testing 
• Visual defect inspections 
• Rationalization of final product test yields to process-related data 


The overall result of such quality programs has been to raise die yields throughout the fab area to all-time highs. 
Because varying chip sizes are mallUfactured in each fab area using identical processes, the average yields are 
mathematically related to an artifical standard equivalent die size. The indicator of yield is then made relative to this 
standard and is called the Isodefect yield. This is one of the standard parameters used to rate and rank the quality of 
Intel fabs, much as DPM and lot reject rate are used to rate and rank vendors and internal assembly and test 
performance. In Figure 4, there are three sets of wafer diameter curves, each for three different process maturity 
levels. As can be seen, new or immature processes, even using 150mm diameter wafers, produce less than ten 
300 mil chips; similarly, average processes using 75mm wafers give few good chips. In order to obtain satisfactory 
yields in the few hundreds to a thom:and chips per wafer, both high-quality processing and large diameter wafers are 
required. The improvement in fab hodefect yield is shown in Figure 5. 
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Figure 4. Fl'elatlve Yield Vs. Chip Size for Different Process 
Maturities and for Different Wafer Diameters 
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The improvement in fab yields comes from several sources: 
1. Improved in-line process controls 
2. Reduced defect levels in both materials and processes 
3. Improved incoming material q~lality 
4. Increased attention to quality i!:sues 
5. More automation 
6. Improved product design 


To support these activities, the fab areas have initiated several programs, typified by such interesting names as ZID, 
ZOD, and ZUD. ZID refers to Zero Incoming Defects and will be successful as a direct result of the materials VQIP 
program. ZOD refers to Zero Outgoing Defects, and the indicator here is the assembly plant incoming defect level. 
ZOD levels are shown in Figure 6; as can be seen, significant progress towards the goal of zero defects is being made. 
ZUD refers to Zero Unscheduled Downtime and is a reflection of ways of improving equipment utilization, so that 
no equipment is underutilized beca.useof errors; the only downtime is "scheduled downtime", which ensures smooth 
product flow. 


Statistical Process Control (SPC) underlies all these activities, and Intel has achieved notable success in implement- 
ing SPC in all manufacturing sites. Quality programs such as ZID, ZOD, ZUD, and SPC require extensive interac- 
tion with all the fab sites. Consequently, the fab world, even though centrally controlled, has evolved a series of 
internal councils to ensure program uniformity and standardization. The councils rank in hierarchy from the Fab 
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Managers Council (FMC), to Die Production Technical Review Board (DPTRB) and Die Production Administra- 
tive Review Board (DPARB), to Process Area Groups (pAGs). Through this extensive system of councils, whose 
meetings are held at each fab site on a rotating basis, quality, technology, and administrative standardization 
are 
maintained throughout all fabs. 


With such high product complexity and with such great dependency on material and process parameters, fab yields 
would be non-existent without process and defect control. Inspection methods are costly, and features are often too 
small to be observed visually. Complexity is great and even electrical inspection is expensive and time-consuming. 
Hence, there is no alternative but to make product right. The slogan "zero defects" has been converted into an 
achievable goal. Fab and die produ:tion are discussed in the Wafer Fabrication section of this handbook. 


Each assembly process is less complex and sophisticated than its fab counterpart, but it must contend with signifi- 
cantly more individual units. Assembly handles three generic package types, with 8 to 15 package types within each 
package category. In addition, the assembly plants use an average of five assembly package parts for each chip, so 
that the total number of individual assembly steps is very large. Add to this the cost of product yield loss due to the 
package cost, and it is apparent that assembly quality is at least as important as fab quality. 


Consequently, in parallel with Fab, Assembly has its own ZID, ZOD, and ZUD programs. Outgoing ZUD for Fab, 
and VQIP for Materials becomes ZID for Assembly, and ZOD for Assembly becomes ZID for Test. Some ZOD 
results for the last few years in assc:mblyare shown in Figure 7; the Assembly ZID were shown in Figure 6. It is 
apparent that the three quality measures of Assembly-internal 
and external visual defects and hermeticity defects- 


have been steadily declining. 
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The Assembly operations are organhed slightly differently from their Fab counterparts in that each assembly plant 
has its own Q & R function that reports directly to the AssemblylTest 
Q & R Manager located in Chandler, 
Arizona. Consequently, the council systems used to standardize fab quality programs are not required. Instead, 
tactical issues are handled by the unified functional operation, and councils concentrate on evaluation of strategic 
objectives. 
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Just as the dominant quality program in the fab world is SPC, so is SPC the dominant quality program in the 
assembly world. This process openting in conjunction with product lot inspection gates oversees the wide spectrum 
of Intel assembled product. Even here, however, as quality and consequently yield improves, the trend is to less 
inspection, and the goal is zero defects. In addition to the Intel-owned assembly facilities, assembly subcontractors 
are used. In order to maintain the high level of assembly quality irrespective of site of manufacture, the Q & R 
department has locally hired quality and reliability experts who operate within each subcontractor factory. The same 
set of specifications and requiremmts is used as in Intel-owned assembly, assuring shipment of uniform product. 


The demands on quality of assembled product have increased. A single defect in the assembly of 125-pin PGA (Pin 
Grid Array) package will kill the device as surely as it would kill a 16-lead device. Defects are simply unacceptable. 
Because of the similarity in problems between Fab and Assembly-despite 
the vast differences in technology-Fab 
and Assembly representatives sit on the same manufacturing councils (hence the identical ZID, ZOD, ZUD pro- 
grams). The commitment is to zero defects throughout both groups. 


Approximately 95 percent of Intel's product volume is tested at Intel's two manufacturing test sites. The remaining 5 
percent of the product is tested ill divisionally owned test sites. Therefore, the discussion of test quality will be 
restricted to the manufacturing sites, since in concept and in practice they determine outgoing quality levels. 


Manufacturing test site location hfiSbeen selected to be in close proximity to assembly plant location, and indeed, it 
is Intel's aim to send assembly plant output to the neighboring test site. Table 4 shows AssemblylTest proximity. 


Table 4. Assembly/Test 
Proximity 


Assembly 
Plant 
Test Plant 
Location 


A1 
T3 
Penang, Malaysia 


A2 
T9 
Manila, Philippines 


A4 
T6 
Chandler, 
Arizona 


Since Test is an extension of Assembly, there is one manager for both operations, both on a global and on a local 
level. For example, the Penang manager is responsible for AI (Assembly) and T3 (Test) at the Penang site. As a 
result, the Test quality programs a.reidentical to those in Assembly and are administered by the same workforce. 


The results of test site quality programs, called Intel Quality Improvement Programs (IQIP), were shown in Figure 
I. Outgoing DPM, as measured by the Q & R gates at the end of test, have declined by a factor of 50 in four years, 
despite significant changes in the business climate, product mix, product complexity, and increasing production 
volumes. 


Outgoing product quality depends on the total quality programs discussed earlier-SPC, 
ZID, ZOD, etc. Testing of 
outgoing product quality is measu.red through statistical sampling procedures. Results of manufacturing test im- 
provements are fed back to all test sites. Data accumulated through outgoing sampling is put on a computer for ease 
of analysis and reporting. 


Product shipments to Intel Automotive customers are, of course, of paramount importance to Intel Automotive. 
However, prior to the onset of production shipments of new devices it is Intel Automotive's intention to supply to its 
customers descriptions of its quality plans on a per product basis. The document that will summarize the quality 
planning for each device will be known as a Control Plan. This document will be the basis for mutual agreement 
between Intel automotive and its customer relative to quality issues. The document will specify: 
• Key device characteristics specified by the customer 
• Key device characteristics specified by Intel Automotive 


Because Intel Automotive serves a wide customer base with a variety of products and wants these products to be 
uniformly excellent, Intel Automotive has established a Customer Quality Engineering function. This function is 
responsible, through the various council systems, for maintaining standard and uniform quality and reliability goals 
for customers. Standard procedures for measuring DPM, for assessing Return Material Authorization rates, and for 
determining customer perception of Intel quality are thus ensured. Under this system, a customer need only interact 
with one quality group rather than communicate with a wide variety of quality engineers all operating under 
different guidelines. Failure analysis correlation, returned material analysis, customer and Intel issues can all be 
negotiated through this group. 


It is Intel Automotive's intention to develop "relationships" with customers. A "relationship" with a customer is a 
special extra effort put forth by Intel to optimize the Intel customer interface. A "relationship" will provide mutual 
benefit to both Intel and the customer in the areas of: problem solving; future products; technology trends. The 
"relationship" approach lends itself to team-oriented problem solving disciplines. 


There are several types of control1c:ddocumentation within Intel, in addition to library functions and technical 
memo distribution. Corporate and !coealdocument control centers maintain two levels of specifications, Intel Policies 
and Procedures (IPP) and operating specs. Other records such as engineering reports, package, process, plant and 
product qualifications, Failure Analysis Correlation Reports and Material Review Board (MRB) activity reports are 
controlled via a Technical Informahon Center. 


Table 5. Audit Program 


Type of 
SCope 
Frequency 
Audited 
by 
Reason for 
Audit 
Audit 


Operation 
All Wafer Fab, 
Once/Quarter 
Certified 
Intel/ 
Compliance 
to 


Audits 
Assembly, 
Te:,t 
(Twice/Year 
Military Auditors 
Specifications 


andQA 
for Military 
Operations 
Programs) 


Mr. Clean 
All Facilities 
Once/Month 
Operation 
Compliance 
to 


Audits 
Managers, 
Facilities 
Intel Facilities 
Standards 


Vendor 
All Material 
Typically, 
Incoming 
Inspection 
Compliance 
to 


Audits 
Vendors 
Once/Year 
and Engineering 
Specifications 


All Intel equipment is periodically calibrated using standards traceable to the National Bureau of Standards (NBS). 
Every major site maintains a calibration lab; remote locations make use of government or privately administered 
calibration labs. 


inter 


Every major site has an analysis 
lab. These labs range from highly sophisticated 
facilities 
containing 
a wide variety of 
analytical 
equipment 
(Santa 
Clara, 
California; 
Portland, 
Oregon) 
to the product-oriented 
labs (Folsom, 
California) 
to the specialized 
analytical 
labs lo,=ated, for example, 
at each assembly Itest site and in specific fab sites. All labs are 
tied together 
through 
the Analytical 
Lab Council. 


Statistical 
training 
occurs 
in three 
ways: utilization 
of the Intel 
University 
courses 
provided 
to all Intel 
employees; 


specific and more detailed 
courses 
with strategic 
value presented 
at individual 
sites, i.e. SPC; and outside 
courses 
that 
provide 
expertise 
not currently 
available 
internally. 
The Q & R statistics 
functions 
are provided 
to all of Intel 
as a 
service, 
much 
as are analysis 
lab s,~rvices, calibration, 
and document 
control. 


While standardization 
and meaSUfl~ment are important 
factors 
in a quality 
program, 
there must be a motivation 
for 
all personnel 
to produce 
a quality 
product 
or service. 
Intel 
maintains 
this motivation 
by funding 
major 
programs 
such as training, 
Intel Circles (an employee 
participation 
awareness 
program), 
quality 
awards 
for sites and outstand- 
ing individual 
contributors, 
and the "Mr. 
Quality" 
program. 


Intel's 
training 
programs 
are exte:nsive. 
From 
training 
line operators 
at each 
site, to the M2Q 
and 
M3Q 
middle 
management 
quality 
courses, 
to the "M5" 
series of executive 
courses 
given by the Intel 
University, 
information 
is 
made 
available 
so that 
personnel 
at all levels may improve 
their 
performance. 
There 
are many 
courses 
related 
to 
Intel's 
technical 
expertise, 
such as the Intel Technology 
Course 
and the Design Microcomputers, 
in which Intel's 
top 
technical 
personnel 
take the time to train others. 
Many thousands 
of hours are spent by Intel training 
the new as well 
as the experienced 
to produce 
the products 
that have made Intel technology 
synonymous 
with quality 
and reliability. 


All training 
takes place within 
Intd's 
normal 
working 
day. 


Intel 
Circles 
is an adaption 
of the quality 
circle concept, 
in which 
groups 
of employees 
gather 
locally 
to discuss 
problem 
areas 
and possible 
solutions. 
Activity 
varies 
from site to site, but the participation 
leads to a heightened 
awareness 
of quality 
performance 
and creative 
problem-solving. 


Rewarding 
quality 
performance 
is an important 
part of the Intel culture. 
Each quarter, 
the Director 
of Quality 
and 
Reliability 
announces 
the Executivll 
Staff Quality 
Award 
for the highest 
quality 
performance 
of a manufacturing 
site 
and an Intel business 
operation. 
A secondary 
award 
is given to those sites and operations 
whose 
performance 
may 
not have been the "best" 
but still surpassed 
quarterly 
goals. The competition 
between 
sites has been healthy 
and has 
spurred 
efforts 
which 
have positively 
affected 
the trends 
shown 
in Figure 
I. This 
performance 
takes 
on personal 
significance, 
for both 
managers' 
and operators' 
monthly 
bonuses 
are affected 
by the measured 
quality 
relative 
to 
goal. 


Individual 
achievement 
awards 
are: also presented 
to those 
employees 
who have contributed 
significantly 
to Intel's 
quality 
and reliability 
improvemen1. 
These awards 
are widely publicized 
throughout 
the company. 
They may go to a 
physicist 
for a contribution 
to EPROM 
quality 
or to a line supervisor 
for improving 
the quality 
of shipments 
to a 
major 
account. 


The Intel 
Quality 
and Reliability 
Department 
provides 
a comprehensive 
program 
to measure 
and otherwise 
assess 
the quality 
of Intel product 
from the time of material 
purchase 
to its arrival 
at the customer's 
door. Extensive 
use is 
made of council 
and matrix 
management 
systems 
to assure that uniform 
standards 
are applied 
throughout 
the Intel 
world. 
Vast amounts 
of data 
are recorded 
and analyzed 
in order 
for Intel 
to quickly 
and accurately 
perceive 
its 
quality 
at any time. The Intel chart,~r of providing 
a high quality 
product 
to its customers 
is being met by a dedicated 
effort to daily improvement 
in the quality 
ethic (see Figure 
1). 


Intel manufactures many different products using a variety of fab and assembly technologies. Thus, a wide variety of 
reliability hazards may be encountered. Some of these are real; such as chips becoming detached from the substrate 
in a package and consequently failing. Others are imagined or projected into "what if' scenarios. For example, 
"What would happen if a plastic package were subjected to sudden and severe changes in ambient temperature?" In 
both the real case and the "what i!r' case, careful experiments \iCeperformed to determine the possible reliability 
jeopardy of the hazard. 


Because of Intel's strong technical background, it has focused on reliability issues and isjustly proud of its image as 
the leader in product reliability. Intd has published extensive technical papers on reliability and is known throughout 
the industry for its work on soft errorsl, electromigration2, charge gain3, oxide breakdown4, and a host of other 
topics. This reputation does not come by accident, for Intel's Quality and Reliability Department has established a 
variety of procedures and program~ to assess, understand, control, and eliminate reliability problems. 


The major categories of reliability program management are: 
1. Design verification 
2. Qualification procedures 
3. Manufacturing reliability monitors 
4. Fundamental reliability studies 


Of key importance is Intel's Q & R interaction with all design groups to ensure that product reliability is designed in. 
The package reliability and package development engineering personnel ensure that packages will meet strict reliabil- 
ity goals before any package qualification activity is started. Product design engineers work with product reliability 
engineers to be sure that all products will meet reliability goals. Equally, process development engineers work with 
the fab and process reliability personnel so that new processes will not violate reliability standards. 


In all cases, the Q & R engineers are responsible for signing off appropriate documentation, which ensures that the 
designs are compatible with reliability goals. The reliability engineers are part of the design team and attend all 
design review meetings. 


Intel qualification procedures are used mainly to ascertain the major characteristics of new technologies or products 
for introduction to Intel manufactu:ring, or to evaluate changes to existing technologies or products. In general, all 
changes require qualification, but the degree of qualification depends on the nature of the change and may range 
from detailed qualification to simply reviewing engineering data. Qualifications are handled by the appropriate Q & 
R groups, as shown in Table 6. 


1. T.C. May, M. Woods, "A New Physical Model for Soft Errors in Dynamic Memories", Proceedings Interna- 
tional Reliability Physics Symposium 16, (1978), p. 33. 
2. P.A. Gargini, C. Tseng, M.H. Woods, "Elimination of Silicon Electromigration in Contacts by the Use of an 
Interposed Barrier Metal", Proceedings International Reliability Physics Symposium 20, (1982), p. 66. 
3. M.H. Woods, S. Rosenberg, "EPROM Reliability", Electronics 53, (1980), p. 132. 
4. D.L. Crook, "Method of Determining Reliability Screens for Time Dependent Dielectric Breakdown", Proceed- 
ings International Reliability Physics Symposium 17, (1979), p. I. 
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Category 
Issue 
Responsibility 


New Plant 
Fab Plant Start-up 
FabQ&R 


New Plant 
Assembly 
Plant Start-up 
Assembly 
Q & R 
, 


New Plant 
Test Plant Start-up 
TestQ& 
R 


New Package 
Totally New Package Technology 
Division Q & R 


New Product 
Totally New Product 
Division Q & R 


New Fab Process 
Totally New Fab Process 
Process Reliability 


New Equipment 
Modified 
From Existing Equipment 
Fab or Assembly 
Q & R 


Parameter 
Change 
Modified 
Process 
Parameter 
Fab or Assembly 
Q & R 


Product Stepping 
Change 
Modified 
Product 
Parameter 
Division Q & R 


Product Transfer 
Fabto 
Fab 
Fab Q & R, Division Q & R 


Product Transfer 
Assembly 
to Assembly 
Assembly 
Q & R, Division Q & R 


Product Transfer 
Test to Test 
Division Q & R 


As can be seen in Table 6, qualifications take three forms: introduction of new product technology, process or 
equipment changes or modificatiors, or startup or transfer to new manufacturing sites. Once qualification begins, it 
takes considerable time for the qualification samples to be assembled and turned over to the appropriate Q & R 
group. Therefore, the volume samples available for qualification must be limited, especially since manufacturing 
volumes are controlled during the qualification phase. Consequently, qualifications do not usually generate DPM- 
level data, and the only decision made is whether or not the qualification passes the requirements. There is no 
intention of using process qualifi<:ation to determine defect levels that would normally require extremely large 
sample sizes. This issue is taken up by the monitor program discussed later, using production material from which a 
large database can be generated. 


A qualification phase is started by the group, Fab, Product Engineering, Assembly, etc., requesting a modification to 
an existing technology/equipment/site 
combination or introduction of a new product/technology/site. 
This request 
is usually justified by an improved yield, improved process margin, resolution of a technical issue, lower cost, or 
improved manufacturing flexibility. Since quaIs are costly and time-consuming, much thought is given to justifying 
their need. 


The Intel Automotive Integrated Circuit Qualification Plan up to this point reflecting classical qualification concepts 
is being positioned to accept the most current approved offering of the SAE Qualification Plan. It is Intel's intention 
to remain in synch with the evolution of the SAE Qualification Plan through continued participation in the SAE 
Reliability Subcommittee. The SAE Qualification Plan setting the most appropriate PASS/F AIL criteria for auto- 
motive class Integrated Circuits relJes very heavily on MIL-STD-883 test methods and JEDEC 22A test methods. It 
is Intel's view that the SAE Power and Temperature Cycle qualification test is particularly relevant to qualification 
of automotive class Integrated Circuits. It is Intel's further intention to have the Intel Qualification Plan in no way 
preclude Customer Qualification requirements. 


Once the product is given CQ, the product, package, plant and process monitor program starts, and this program 
continues throughout the life of th,~product. Generally, since devices or products are the ultimate objects sold by 
Intel, all process, package and plant qualifications use a specific product as the qualification vehicle whenever 
possible. 


Qualifications are authenticated via reports issued by the appropriate Q & R groups. Qualifications that require 
division Q & R, as well as package, fab, assembly, or process reliability data, are jointly issued. Due to the large 
number of qualification issues, the ~,ualification library, administered by the Q & R document control group, is quite 
extensive. 
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The reliability monitor program be!~ns where the conditional qualification program ends, at the start-up of limited 
salable production. Everything that is subject to qualification is considered subject to the monitor program. Some 
monitors use especially designed test chips, for example, to test for electromigration in metal conductors. However, 
most monitors use standard production product. 


Generally, the product to be used for reliability monitors is gathered from each assembly plant each week, where the 
product selected is representative of: 
I. Each fab process technology 
2. Each generic product type 
3. Each package technology 
4. Each assembly plant 


The product is shipped directly to the appropriate 
Q & R group, which puts the product through a series of 
electrical, mechanical, thermal, and environmental tests that usually are identical to those used initially for qualify- 
ing the product. Most tests are of short duration, but some may extend out to thousands of hours. Each week the test 
results are evaluated and problems, should they exist, identified. 


Each monitor failure is analyzed. If a problem is detected where the failure rate is greater than that considered 
acceptable, or a reliability problem is suspected, a Material Review Board (MRB) is called. This meeting is attended 
by appropriate 
Q & R personnel, scheduling personnel, engineering, and any other affected group. This group 
reviews the data, decides on disposil:ion of the affected material, decides on appropriate corrective action, and has 
responsibility for the problem or issue until it is satisfactorily resolved. 


Monitors, qualifications, and customer-related issues may generate data that indicate potential reliability problems. 
While these problems may not have ,:urrent implications, they could become important as device geometries contin- 
ue to shrink and chip size increases. Consequently, using the "what if ... " scenario, Intel reliability engineers have 
embarked on a number of fundamental studies in order to understand issues sufficiently well to take preventive 
action. 


Examples of such cases have been published widely, in the International Reliability Physics Symposium, for exam- 
ple, and at the Scanning Electron Microscopy Conferences. The most widely publicized case was that of the physics 
of radioactively-induced soft error fallures of dynamic RAMs. Others include such subjects as electromigration, and 
charge gain in EPROMs. 


Generally, a reliability program will be proposed on the basis of either experimental data that indicate the presence 
of a reliability hazard or on the basis of extrapolation of some trend data to improve proposed new chips or 
technologies. The program proposal will be reviewed by the appropriate Q & R staff with related engineering groups 
to decide which programs should be staffed. The programs that are staffed will be reviewed periodically to determine 
if the experimental results warrant any action on the part of a group developing new technology to prevent future 
problems. An example of such a program is electromigration, where design rules are generated on the basis of results 
from periodic electromigration studi(:5. 


The fundamental studies undertaken are part of the overall R & D budget of Intel, which amounts to about 12 
percent of Intel sales. The programs are reviewed by the Intel Research Council, a group of senior scientists and 
engineers who review all Intel resean:h activities. 
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Stress in packaged chips 
Metal corrosion 
Electromigration 
Hot electrons 
Fault propagation in VLSI random logic 
Soft errors 
Metallization defects 
Silicon crystal defects 
Package strength 
Oxide integrity 


From these brief descriptions of Intel's commitment to supplying highly reliable products, it can be understood why 
Intel is considered the world lead<:rin VLSI reliability. Details of the reliability programs will be found throughout 
this section. 


Tables 7 through 11 show the product flow through Intel's manufacturing and quality areas. 


Table 7. Overview 
of Q.A./Manufacturlng 
Process 
Control 
Operations 


Flow 
Gates 
Qualifications 
REL 
Doc't. 
Calibration 
Data 
Monitor 
Control 
Reporting· 


Incoming 
Silicon, Piece 
All Direct 
Yes 
Yes 
Yes 
DPM, LRR, 


Inspection 
Parts, Gases 
Materials 
Vendor 
Chemicals 
Oper. Audits 
Rating 
(Table 10) 


Wafer Fab/ 
Inspections, 
All Materials 
Yes 
Yes 
Yes 
Process Yield, 
Wafer Sort 
Process Control 
Processes 
Product Yield, 


(Table 11) 
Technologies 
LRR 
Products 


Assembly 
Inspections 
All Materials 
Yes 
Yes 
Yes 
DPM, LRR, 
Process Control 
Processes 
Process Yield, 


(Table 12) 
Product Yield 


Test 
Inspections 
All Products 
Yes 
Yes 
Yes 
DPM, LRR, 


Process Control 
Product Yield 
(Table 13) 


Division/ 
Customer 
By Customer 
Yes 
N/A 
N/A 
RMA, FAlCR, 


Customer 
Incoming 
Customer 
Inspection 
Rating 


A.Slllcon 


Inspection 
Type 
Inspection 
Sample 
Size 


Vendor's 
Data 
To Spec Requirements 
All Lots 


Visual 
High Intensity 
Lamp 
130/Lot 
Wafers 


Dimensional 
Diameter, 
Orientation, 
Thickness 
130/Lot 
Wafers 


Chemical 
Oxygen Content 
Small Sample 


Electrical 
Resistivity, 
Type, Lifetime 
130/Lot 
Wafers 


NOTE: 
Other criteria, such as dislocation dem;ity or flatness are checked periodically for each manufacturer. 


B. Piece Parts 


Inspection 
Type 
Inspection 
Sample 
Size 
Leadframes 


Vendor's 
Data 
To Requirements 
of Purchase Spec. 
All Lots 


Visual 
To Requirements 
of Purchase Spec. 
52/Lot 


Mechanical 
. Coplanarity 
45/Lot 
Die Pad Twist 
45/Lot 
Lead Twist 
45/Lot 
Metal Thickness 
45/Lot 
Camber 
5 Strips/Lot 
Bow 
45/Lot 
Coil Set 
45/Lot 


Functional 
Die Attach 
45/Lot 
Extended 
Heat 
45/Lot 
Tape (peel) Test 
45/Lot 
Lead Fatigue 
45/Lot 
Bond Pull 
136 Wires/Lot 


NOTE: 
A Plastic Package Leadframe is used as an example of piece part incoming inspection. All piece parts are subject to 
incoming inspection requirements. 


inter 


Process Step 
Prot:ess Control 
Frequency 
Process 
Control 
Frequency 
Inspection 
Monitor 


Oxidation 
Oxide Thickness 
All Lots 
Low Mag. Visual 
Once/Shift 


CN Test on Tubes 
Once/3 
Days 


Diffusion 
Oxide Thickness 
All Lots 
Low Mag. Visual 
Once/Shift 
Sheet p 
All Lots 


1 XViwal 
All Wafers 
CN Test on Tubes 
Once/3 
Days 


Lithography 
Low, High Mag. Visual 
All Lots 
Masking Visuals 
15% of Lots 


Thin Film 
Metal Thickness 
All Lots 
CNTest 
Once/Shift 


Low Mag. Visual 
Once/Shift 


Ion Implant 
Sheet p 
All Lots 


Low Temp. Oxide 
Thickness 
All Lots 
Visual 
Twice/Week 


Reflectivity 
Low Mag. Vis. 


E-Test 
Controlled 
All Lots 
Elec. Tape 


Wafer Sort 
Controlled 
All Lots 
Tapes Approved 
~IITapes 
Elec. Tape 
byQ&R 
Revision Cont'! 
All Tapes 


Visual (MFG) 
All Lots 


Controlled 
Spec's. 
Line Audit 
Once/Day 


Calibration 
Line Audit 
Once/Day 


Assembly 
Process 
Control 
Monitors 
(TIn-Plated 
CERDIP 
Mfg. Flow) 


Process 
Step 
Pr,[)cess Control 
Frequency 
Process 
Control 
Frequency 
Gate 
Monitor 


Wafer Saw, Break, Wash 
01 H20 Resistivity 
1X/Shift 
Visual 
2X/Shift/Operator 


2nd Op 
- 
- 
Visual 
All Lots 


Frame Attach 
- 
1X/Shift/Machine 
Visual 
2X/Shift/Machine 


Die Attach 
HeatElr Block T, 
2X/Shift/Machine 
Visual 
4X/Shift/Machine 


N2 Flow Rate 


Bond 
Bond Pull 
All Lots 
Visual 
2X/Shift/Machine 


Pre-seal Visual 
- 
- 
Visual 
All Lots 


Seal 
Furna.ce Profile 
1X/ Furnace/ 
Day - 
- 


Post-Seal 
Visual 
- 
- 
Visual 
2X/Shift/Furnace 


Bottonside 
Mark 
Permanency 
All Lots 
Visual 
2X/Shift/Operator 


Tin Plate 
Bath Composition 
2X/Shift/Bath 
Visual 
2X/Shift/Both 


Trim 
Settings 
1X/Shift/Machine 
Visual 
2X/Shift 


OutgoingQA 
Hermeticity 
All Lots 
Visual 
All Lots 


Centrifuge-Open/Short 
All Lots 
Acouutic/PIND 
All Lots 
Lead Fatigue 
All Lots 
Open/Short 
All Lots 
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Process 
Step 
Process 
Control 
Frequency 
Process 
Control 
Frequency 
Gate 
Monitor 


Electrical 
Test 
Equipment 
SEltup 
All Product, All Lots 
Proper Test Tape 
All Changes 


Mark 
Ink Control, 
All Batches 
of Ink 
Visual 
All Lots 
Data Code, S'~orage 


Pack 
Pack Check 
All Lots 
- 
- 


FinalQA 
Elec. Test 
All Lots 
Visual 
All Lots 
Hermeticity 
All Non-Plastic 
Lots - 
- 
Mark Perman'3ncy 
All Lots 
- 
- 
Solderability 
All Lots 
- 
- 


Final QA 
Unit Count, 
All Lots 
- 
- 
Preclearance 
Labeling 
Invoice 
Check 


Reliability 
Monitor - 
- 
1OOO-HrDynamic 
Monthly 
Each Technology, 
Burn-in 
per Reliability 
Schedule 


These flows are rigidly followed for standard product. The flow is modified only by customer specification or 
qualified Intel engineering change and is controlled by the Intel specification system. 


The quality measurement systems within these areas must also be identical if visibility and comparison of quality are 
to have any meaning. For example, all sites issue "DPM" (Defects Per Million) reports based on quality assurance 
key inspection points (see Tables 7 l:hrough II). At each inspection point, the definition of DPM is: 


( 
number 
of defective units) 
()6 
DPM = 
--------.-- 
X I 
total number of units sampled 


Thus, whether in Assembly or Test, DPM as a quality indicator has but one meaning. All such indicators are 
standardized throughout the Intel components world. 


Quality and Reliability involvement in the product life cycle is defined below. Note that the Q & R organization is 
involved from the birth of a produet through its useful lifetime in the field. The 2764, Intel's UV Erasable 64K 
PROM (EPROM) is used as an example of the 16 steps required to complete a life cycle. 
I. PRODUcr 
DEFINITION 
Based on Marketing inputs, definition of the proposed product was performed by a Strategic Business Segment 
(SBS) Committee. This committee is composed of representatives of Marketing, Manufacturing, Technology 
Development, Engineering, and Quality and Reliability. This group proposed the development of the 2764 and 
defined the potential Return On Investment (ROI). 
2. TECHNOLOGY 
DEFINITION 
Proposed by Technology Development (TD), the technology definition required to generate a 2764 product was 
based on both experience and need for state-of-the-art growth. The 2764 was designed on the H-MOS-E, "wafer 
stepper" process. This decision was also coordinated through the SBS. 
3. TARGET SPECIFICATION 
The target goals of the product proposed by TD and Design Engineering were coordinated through the SBS. 
Quality and Reliability, Marketing and Manufacturing must review and sign off the target specification. For the 
2764, Reliability Engineering w:>rked with Design Engineering to provide "margin testing" modes to ensure 
reliability, manufacturability, and testability commensurate with Intel Q and R targets and customer needs. 
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4. LAYOUTIDESIGN 
RULES 
. 


Based on experience and product simulation, design rules for a technology were developed by TD, verified by 
Process Reliability, and implemented in design. By following these rules, known failure modes were eliminated 
in the new product. The 2764 employed the experience learned on earlier EPROM products, the 2716 and 2732, 
which had wider design margins for the cell memory. 
5. COMPUTER-AIDED 
DESIGN (CAD) 
The computer not only produced the magnetic tapes from which the masks were made but tested the design to 
assure that the target specification was met and that no design rules were violated. The 2764 was subjected to an 
intensive design, circuit, and byout review by Design Engineering, Manufacturing, and Quality and Reliability. 


6. TAPE-OUT/MASK 
The magnetic tape generated by the CAD group was translated to the masks utilized in the fabrication of the 
silicon wafers. All masks which were purchased from outside vendors were subject to rigid incoming inspection 
by the Materials Quality section of Q & R. 


7. FIRST SILICON 
The first silicon ("A Stepping") of the 2764 was functionally successful. As a result of intensive teamwork in the 
design stage, the characteristil:s of the first wafers could be analyzed against the product goals. 


8. DESIGNIPERFORMANCE 
REVIEW 
Design Engineering, Manufacturing, and Quality and Reliability Engineering performed tests on the functional- 
ly operable circuits to check test margins, cell design, appearance of known failure modes and program-erase 
cycles. Worst-case conditions (voltage, temperature) helped to identify and characterize potential problem areas, 
resulting in design changes and implementation of reliability screen tests. 
9. RELIABILITY 
INVESTIGATIONS 
The analysis was not confmed to the single 2764 product. Knowledge gathered on the 2764 was extended to 
other products in the form of modifications, test screens, and device monitors to further enhance overall product 
quality and reliability.' 


10. REDESIGN 
The 2764 experienced some programming anomalies in first silicon. Reliability Engineering evaluated the prob- 
lem and was able to suggest d\:sign changes based on the earlier 2732 technology. The resulting design changes 
were reviewed, approved, and implemented. 
II. 
"B STEP" 


The new masks were inspected at incoming inspection and wafers were processed. The circuit went into the 
product validation/qualification 
cycle. 


12. ENGINEERING 
VALIDATION 
A limited number of internal filld external applications sites were supplied with sample devices. Since over 90% 
of Intel's own product types are used in Intel systems, it is critical that the system design areas feed back their 
experience early in the product cycle. 
13. QUALITY VALIDATION 
Three hundred devices were ':ested to specifications (no guardband). They were tested to all corners of the 
specification, utilizing standard programming to various patterns. This elaborate matrix resulted in a more 
effective test program, in identification of a new defect mode, and in development of a stress test to eliminate the 
mode from device production. The result: the first EPROM driven to a defect level of less than 1000 DPM on 
programming. 
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The EPROM had to pass a rigid, documented qualification program before reaching the marketplace. This 
program included the goal for the 2764 of 99.9% programming yield or less than 1000 DPM. The qualification 
testing included the following sequence on a minimum of five wafer lots: 
125°C bum-in 
168 hours 
125°C lifetest 
2000 hours 
125°C HVELT 
1000 hours 
Low temperature lifetest 
1000 hours 
250"C storage 
I000 hours 
Temperature cycle -65·C 
to + 150"C 
200 cycles 
Thermal shock -65°C 
to + 15:J"C 
200 cycles 


Test pattern study 
Program/erase 
cycling 
System verification 
Each test had a specific reliability goal to meet. The 2764 successfully passed all tests. 


14. QUALITY TASK FORCE 
A Quality Task Force was formed to reinforce the commitment to production of a product of the highest 
quality. Areas such as mark, visual appearance, tin plate quality and assembly quality were continuously 
evaluated during the first six months of product life. Defects-per-million (DPM) statistics were developed to 
assure that all goals were being met or exceeded. 
15. QUALITY AND RELIABILITY 
MONITORS 
As part of any Intel product cyde, both quality and reliability monitors are established to continuously sample 
products directly from the prod'~ction line. Package types and technologies are subjected to these monitors, and 
results are made known to the various responsible engineering, manufacturing and quality groups. The quality 
monitors include: 
external visual inspection 
fme/gross leak test (hermetic packages) 
lid torque test 
temperaturelhumidity 
test (for plastic packages) 
internal visual inspection 
temperature cycle test 
'thermal shock test 
steam stress test 
The reliability monitors include 48-hour dynamic bum-in at 125·C, lOOO-hourdynamic lifetest at 125·C, and 
250"C storage. The 2764 had a special reliability monitor in which devices were subjected to data sheet test 
conditions with various pattern~ programmed. 
16. CUSTOMER FEEDBACK 
Intel customers provide the ultimate testimony to Intel efforts. One large U.S. computer systems manufacturer 
has consistently measured 50 DPM or less on the 2764. Another system manufacturer measured zero rejects in 
50,000 devices inspected. The average for all Intel mature and new products is below 1000 DPM total. 


This example of the development, ploduction, and field monitoring of a new product illustrates Intel's approach to 
organization and management. The flow of the product through the various stages has been perfected to ensure 
consistently high quality and reliability. It should be noted that as product quality and reliability continue to 
improve, inspection sample plans will be modified as more reliance is placed on process control activities. This is 
consistent with Intel plans to purch2se and supply zero DPM products. 


CHAPTER 3 
RELIABILITY 


The reliability of Intel devices has b<:enunmatched since Intel established its product line in 1969 with the invention 
of the DRAM. The subsequent years which saw Intel introduce first the microprocessor chip and then the EPROM 
chip has !><:ena period of intense a",areness for Intel of the issues contributing to outstanding product reliability. In 
this period Intel has made major contributions to enhancing the science of Integrated Circuit Reliability. Tim May's 
work in characterizing alpha particle-based soft errors in DRAMs would, of course, be an excellent example of this 
contribution. 


Intel's formula for success is quite !,imple: design reliability into the chip, manufacture it under stringent controls, 
and have a system of product test that is so thorough that the product delivered to the field is defect free. This 
formula is not always easy to adhere to, but adhere to it, Intel does. 


In this chapter the four aspects of Intel's Integrated Circuit reliability are discussed: 


• Design for Reliability 
• Process Reliability 
• Product Reliability 
• Package Reliability 


The dawn of the design-both 
for the product and the process technology-is 
the point at which "design in" for 
reliability begins. It is at this point that the Q & R Reliability Engineers enter the new design project and begin the 
task of interacting with the design team and the design such that the product goals of the design (product and 
process) and the reliability goals are simultaneously met. The mechanisms needed for reliability "design in" more 
often than not can only b<einstalled at design onset. 


A product definition requires a consensus of Design, Manufacturing and Q & R. A Q & R representative is a part of 
the committee responsible for defining the "target specification" of a product. This representative ensures that: 
I. 
Features necessary for quality and reliability are included in the product definition. Examples of such features 
will b<egiven later. 


2. 
The correct reliability and quality goals are specified. For example, the acceptable soft error rate for memory 
products is defined. Similarly, the acceptable defect density for a semiconductor processing technology is 
specified. 


A process reliability engineer is assigned to ensure that a new semiconductor processing technology will meet its 
reliability and quality goals. This engineer takes an active part throughout the semiconductor process development 
cycle, meeting with the process development engineers on a regular basis and keeping abreast of their progress. 
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The engineer constantly evaluate!: the "test structures" on the technology for reliability problems. The reliability 
engineer is responsible for ensuring that the design rules used by the chip designers are consistent with the reliability 
goals. 


The product designers use the de!:ignrules established by the process engineers to layout the product. Due to the 
ever-increasing complexity of the products, it is becoming impossible to manually layout 
chips without error. 
Automated chip layout is, quite nimply, what has to be done to effect an efficient and essentially error-free chip 
layout. In the matter of chip layout errors Intel has pioneered the use of several computer tools to identify layout 
design errors. Such tools are a Design Rule Checking (DRC) program to catch layout design rule violations and a 
Continuity Verification System (CVS) to catch circuit "hook-up" errors (improper circuit connections). In addition, 
Intel design engineers use circuit and logic simulation programs to predict product performance. 


At Intel all known semiconductor failure mechanisms are extensively characterized and modeled. Based upon this 
understanding, one of the following approaches is used during design to eliminate each failure mechanism. 


Most potential reliability problems can be designed out by modifying the design to accommodate large margins- 
voltage, timing and, possibly, temperature. The margin has to go beyond the statistical variation of the production 
process. Large design margins are synonymous with better reliability. Care is taken during design rule definition and 
characterization to ensure the largest possible margins. Once the product goes into large-volume manufacturing, the 
margins are monitored on a regular basis to ensure no dangerous and abnormal drift of the process. 


Unfortunately, large margins are !nota practical solution for all failure mechanisms. Due to cost and performance 
trade-offs, smaller margins may become unavoidable. For such failure mechanisms Intel measures the margin for 
every individual unit, and units which have poorer margins are screened out. Reliability Engineering works closely 
with design engineers to modify the design, so that the margin can be measured on the final product. This often 
requires significant design ingenuity. For example, on dynamic memory products, which can have significant soft 
error rates, a special "dummy" transistor indicates the magnitude of soft error margin. A discussion of program 
margin testing for EPROM is given in an earlier section of this handbook. The reliability engineer ensures that the 
proper margin testing capability i!.implemented. 


Weak gate oxides (those exhibiting low breakdown voltage due to the presence of defects) are screened out by 
deliberately overstressing the product. The oxide stress test requires the product to be operated at higher-than-rated 
electric fields and operating voltages. To effectively execute the oxide stress test certain design precautions may be 
necessary. For example, on-chip voltage regulator circuits clamp certain nodes to fixed voltages. Such nodes cannot 
be stressed (because the voltage is clamped). To prevent this, an "override" capability is designed into the voltage 
regulators. This mechanism allown the correct implementation of the oxide stress test. 


Once the product is determined to be functional, it undergoes an extensive characterization 
and evaluation. The 
design engineer formulates a characterization 
and evaluation plan. Other organizations, such as Manufacturing, 
Application Engineering, and Reliability Engineering, approve the characterization plan and also add their require- 
ments to the plan. An objective of the characterization is to ensure that the product will have adequate margins 
relative to the data-sheet parameters. Any marginalities and problem areas are identified. 


A typical evaluation consists of a "schmoo" plot, Figure 1. A schmoo plot checks that the complex interaction of 
inputs does not lead to subtle problems. 
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HOLE IN SCHWOO 


Figure 1. "SChmclo" Plot of a Memory Device, Showing Combinations of 
Vcc and tRCl.for Which Correct Device Functioning is Obtained 


As seen in Figure 1, a subtle interact.on causes a product malfunction only at certain combinations of Vcc and tRCL 
(delay between two clocks). A schmoo plot uncovers this marginality, which would have passed unnoticed if only a 
few combinations of tRCL and Vcc had been tested. 


Another objective of the characterization phase is to defme the impact of the manufacturing process variables on 
product margins. Special characterization lots are generated, where the process variables are deliberately run at the 
extremes of the control limits. The impact of these process variations on the product performance is characterized 
and documented, as illustrated in Table 1. 


Table 1. Impact of "Poly Feature Size" and "Gate 
Oxide Thickness" 
on the Access Time of a 16K RAM 


GATE 
POLY 
FEATURE 
SIZE 
OXIDE 
THICKNESS 
Wide 
Typical 
Narrow 


Thick 
197 ns 
171 ns 
157 ns 


Typical 
183 ns 
159 ns 
141 ns 


Thin 
167 ns 
155 ns 
137 ns 


Knowledge of the impact of the manufacturing process variables on product performance makes it easier for Manu- 
facturing to ensure the largest performance margins. If a manufacturing variable can have a major impact on the 
reliability margins of a product, special characterization lots are generated to study the impact in greater detail. For 
example, feature size on diffusion masks and the gate oxide thickness significantly affect the soft error margin for 
memory products. Thus, a process split with various combinations of diffusion feature size and oxide thickness is 
generated. The soft error margin is characterized for each combination. 
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The Process Reliability group en!lures that the components of new technologies (process steps, device structures, 
materials, equipment, design rule!" circuit functionality) by which integrated circuits are made are inherently reli- 
able. That is, this group ensures that no intrinsic wearout mechanisms are built into the technology, that defect 
densities are reduced to sufficien':ly low levels to allow efficient and economical product manufacture, and that 
layout and circuit design rules guarantee safe operation throughout the lifetime of the customer's products. 


Faced with continually shrinking device feature sizes the ability to increase levels of reliability performance requires 
a comprehensive and quantitative understanding of IC failure mechanisms, followed by statistical characterization 
and control of the key parameters that influence these mechanisms. Size reductions have resulted from the technolo- 
gy drive to reduce die costs, increase chip performance, and increase chip functionality. The dimensional scaling that 
has been used to increase device density on a chip has typical1y given rise to smaller signal strengths, larger current 
densities, higher chip temperatures, and higher electric fields during device operation. The impact of device scaling 
through several generations of device shrinks has been to move device operating parameters closer to the limits at 
which fundamental reliability problems occur; hence the need for a more precise understanding of these limits and 
for an effective statistical process control system to avoid subsequent marginal device operation. 


The main activities associated with the process reliability function are wearout prevention, determination of reliabili- 
ty-related layout design rules, reliability analysis of device structures and materials, latent defect density characteri- 
zation control and screening, and fundamental studies of the physics of failure. 


The prime integrated circuit wearout failure mechanisms (those mechanisms that cause an increasing failure rate 
toward the end of product life) include contact and metallization electromigration failure, threshold voltage or 
transconductance shift due to hot electron and hole injection into the gate oxide, moisture-related corrosion failure, 
oxide wearout, and E2PROM program/erase cycling-induced oxide failures. 


Wearout mechanisms, because of1:heir very nature, are difficult to test on the actual integrated circuits, since these 
devices do not often lend themselves to proper operation under highly life-accelerating voltage, current or tempera- 
ture conditions. Therefore, many wearout mechanisms are characterized on specially designed test patterns operated 
under highly accelerated conditions. A great deal of understanding of the reliability physics and actual circuit layout 
and operating conditions is then needed to relate these results to those that would be obtained by an IC during 
normal device operation. Since Wl~rout prevention can often have a major impact on the design rules for device 
layout, these studies are among the fIrSt to be undertaken when new technology undergoes initial development and 
characterization. 


Electromigration1, 
2-4 is the directional modification of the motion of the metallic ions of the integrated circuit 
conductors and interconnects due 10 momentum exchange from the current carrying electrons. A positive divergence 
of the metallic ion flux leads to void formation in the conductors and ultimately to open circuits as shown in Figure 
2. A negative divergence of the io:~flux at a point in the conductor can lead to hillock formation or a build-up of 
metal in local regions and possibly to short circuits between adjacent or overlying conductors.2 Contacts of metalli- 
zation to silicon can fail not only by metallization voiding of the contact side wall but also by the continuing process 
of electromigration of silicon out of the contact and back diffusion of the aluminum into the void until the underlying 
p-n junction is shorted out. Figure 3 shows the voiding of the one contact, and the subsequent hillock growth in the 
next contact is shown in Figure 4. 


1. P. A. Gargini, C. Tseng, M. H. Woods, "Elimination of Silicon Electromigration in Contacts by the Use of an 
Interposed Barrier Metal", Proceedings International Reliability Physics Symposium 20, (1982), p. 66. 
2. I. A. Blech, E. S. Meieran, "Elu:tromigration 
in Thin Al Films", Journal of Applied Physics 40, (1969), p. 485. 


3. S. Vaidya and A. K. Sinha, "Electromigration 
Induced Leakage at Shallow Junction Contacts Metallized with 
AluminumIPoly-Silicon", 
Proceedings International Reliability Physics Symposium, 20 (1982), p. 50. 


4. I. A. Blech, "Copper Electromigration in Aluminum", Journal of Applied Physics 48, (1977), p. 473. 
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Figure 3. 5th Contact In a Chain With Voiding 
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Metal electromigration is characterized on new technologies by subjecting specially designed test patterns to different 
ambient temperatures and by passing various current densities through several different line widths which pass over 
topographical steps. The SEM cross-section for a metal line with good step coverage is shown in Figure 5 and a 
structure with poor step coverage :IS shown in Figure 6. The various failure distributions are then measured, and the 
line-width dependence, current dmsity, and temperature acceleration factors are derived from the shifts of these 
distributions with time. The electromigration design rules which limit the current allowed in various line widths on 
operating chips as a function of device operating temperature are then determined. These rules are defined to meet 
failure rate goals for the first 100,000hours of operating life. The fraction failing due to electromigration for a typical 
part designed to the electomigration design rules should be less than 0.1%. These results are predicted for accelerat- 
ed testing of a small sample using a log-normal distribution as shown in Figure 7. 
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Electromigration of diffusion contacts is characterized in much the same way as for metallization, except that the 
test structures consist of chains cf metal-to-diffusion contacts. During stress, current passes from metal through 
successive contacts to diffusion. A schematic cross-section of the test contact chain is shown in Figure 8. 


Chains of contacts of various geometries are characterized for both leakage and open circuit failure mode distribu- 
tions when subjected to different stress currents and temperatures. The design rules are determined by extrapolating 
to actual operating temperatures u"ing 0.geV (the silicon electromigration activation energy) for leakage failures, and 
by using 0.5eV (the aluminum eiectromigration activation energy) for open failures. The design rule at any given 
temperature is the lesser of the two currents which give safe operation for each failure mode. Figure 9 shows this 
shift in failure mode for two dim,rent junction depths. The junction depth has a dramatic impact on the leakage 
failure time. 


Electromigration is rendered neither a reliability nor a performance problem by first optimizing the metal material, 
structural and geometrical properties, then by developing and implementing the design rules which ensure inherently 
safe operation, and fmally by process control of key metallization parameters. 
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Hot Carrier Injection 


Hot carrier conditions occur in mos t transistors when the lateral electric field in the drain depletion region or in the 
channel becomes so large that the conducting electrons or holes gain energy from the electric field faster than they 
can lose it back to the silicon lattic:e via optical photon emission. These highly energetic carriers are termed hot 
carriers because they have a much greater distribution of energies than the silicon temperature would predict.S As 
these carriers take on more energy from the electric field, they first gain enough energy (1.5eV) to impact-ionize and 
create hole-electron pairs, which results in a measurable substrate current consisting of carriers created with opposite 
conductivity type to those in the channel. If the hot carriers further gain enough energy (3-4eV) and through 
collisions obtain the proper momentum, they can surmount the Si-Si02 energy barrier and be injected into the 
overlying Si02. Hot carriers can also tunnel quantum mechanically directly into the oxide at lower energies. 


Depending on the sign of the carri,:r's charge and the direction of the electric field in the oxide at the point of 
injection, the electron or hole is either drawn toward the gate or driven back toward the channel, Figure 10. The 
direction of the oxide field above the channel is a function of both the gate and the drain voltage. While in the oxide, 
a percentage of the injected carriers will be trapped. These trapped charges can lead to transistor parameter shifts 
and subsequently to device malfunction. For example, electrons trapped above the channel of an D.-typetransistor 
can locally raise the threshold voltage and reduce the drain current. Holes trapped near the interface can lead to the 
formation of interface states which reduce the differential transconductance of a transistor. The reduced gain can 
subsequently lead to device failure. 


Figure 111. Impact 
Ionization 
and Hot Carrier 
Injection 


5. C. Hu, "Hot Electron Effects in MOSFETS", 
IDEM 
Tech. Digest, International 
Electron Device Meeting, 


Wash. D.C. (1983), p. 176. 
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Hot carrier degradation is a function of transistor geometry and bias voltages (which determine the electric fields) 
and of oxide quality (which affects the trapping characteristics). Transistors of each type and varying channel lengths 
are stressed at low temperatures with different combinations of gate and drain voltages and are characterized for 
threshold voltage shift, transconductance 
reduction, and substrate current. Safe operating voltage conditions are 
determined for each device-type channel length by using the characterized voltage acceleration factors and the 
60meV negative activation energy. Failure rates are kept to satisfactorily low levels by keeping the threshold voltage 
and transconductance 
shifts within the natural tolerances of the technology. Substrate current levels which were 
associated with minimal hot carri<:rdegradation can then be used as control limits during production to ensure that 
no devices with this wearout mechanism are manufactured. 


Oxide defect-related failures typically occur early in product life and give rise to a declining failure rate in the infant 
mortality regime of the reliability failure distribution. As such, devices with oxide defects are screenable by high-volt- 
age stress or bum-in. 


Oxide wearout is designated as such because of an increasing failure rate due to this mechanism at the end of the 
reliability life curve. The failure mechanism governing oxide wearout may be exactly the same as that controlling 
some of the defect-related failures,.except wearout occurs in a much more uniform fashion on non-defective oxides. 


Oxide breakdown is preceded by the build-up of positive charge in the oxide near the silicon interface, which 
enhances the injection of electron:; from the silicon into the SiOz. Excessive field and current in the SiOz can also 
lead to the generation of electron traps and electron trapping in the oxide. This process continues until the oxide fails 
at the weakest spot, at which time the charge stored in the gate capacitor discharges through this weak location. The 
associated localized Joule heating vaporizes the SiOz and silicon and ruptures the capacitor. The oxide current is 
described mathematically by the Fowler-Nordheim equation and as such is exponentially dependent on electric field. 
Therefore, for constant supply voltage the MTTF is exponentially dependent on oxide thickness. 


Both defect-related and wearout-type oxide breakdown are characterized on each process by running constant field 
time-dependent dielectric breakdown (TDDB) and ramped voltage breakdown tests on MOS structures that are 
unambiguously related to the length over the diffusion/field oxide edge, the length of gate oxide edge, or the gate 
oxide area. Oxide breakdown is highly accelerated by electric fields and weakly accelerated by temperature.6 The 
electric field acceleration can be c.l1culated from time-dependent dielectric breakdown data shown in Figure 11. As 
the oxide thickness decreases and electric field increases, the field acceleration factor has been shown to decrease 
from 107/MVfcm for thick oxides at low field to 1()2/MVfcm for 100 A. oxides.7 This means that a short prescreen 
at a higher electric field can age a population of oxides to the point where the failure rate has declined to a desirable 
level. Figure 13 shows a population of MOS capacitors where the instantaneous failure rate is plotted for the 
standard population aged at 2MVfcm and a stress population aged at 2.5MVfcm for one second. The one second 
prescreen is equivalent to the instmtaneous failure rate after 103.5 seconds of stress at 2MVfcm. After a period of 
time when the effect of the prescreen becomes insignificant, the failure rate of the prescreened devices approaches 
that of the unscreened devices at a much lower failure rate. 


With thin oxides care must be taken not to screen oxides into wearout. As the oxides become thinner wearout is 
approached. (Figure 12). Aging screens that are too aggressive can move the' population into the wearout regimen.S 


6. D. L. Crook, "Method of Determining Reliability Screens for Time Dependent Dielectric Breakdown", Pro- 
ceedings International Reliability Physics Symposium 17, (1979), p. 1. 
7. J. W. McPherson, D. A. Bagl<:r,"Acceleration Factors for Thin Gate Oxide Stressing", Proceedings Interna- 
tional Reliability Physics Symposium, (1985), pp. 1-5. 
8. W. Meyer, D. Crooks, "A Non·Aging Screen to Prevent Wearout of Ultra-Thin Dielectrics", Proceedings Inter- 
national Reliability Physics Symposium, (1985), pp. 6-10. 
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An oxide growth and anneal process is qualified when the latent defect density is below the target level and when 
there will be no oxide wearout either during normal operation or high voltage screening. Also, based on those 
studies, the time and voltage com'bination is chosen for a high-voltage node stress, which will be used to screen out 
virtually all devices with oxides that are defective enough to fail during the life of the part, Because the defect 
densities are kept very low, the fallout to the high voltage screens is generally below a few percent. 


EPROMs are not only subject to the above-mentioned wearout mechanisms, but are also subject to failure mecha- 
nisms which impact their data storage capability. Failure of their non-volatility can be associated with the program- 
erase cycling process or the data n:tention process, The relative impact of each of the potential failure mechanisms is 
a strong function of the details of the device structure and of the electric field configurations during operation, The 
failure mechanisms themselves an: discussed in the section on EPROMs, 


Reliability behavior of a new technology is characterized intrinsically on single cells and is characterized statistically 
and for defect density information on large arrays of cells. The data from these characterizations are then used to set 
cell margins and to determine reliability screening procedures. 


In order to ensure that all circuit designs on a new technology have a reliability performance that is equivalent to the 
generic built-in reliability of the process, a set of circuit layout design rules is developed and/or approved by the 
Process Reliability Department. The most important reliability-related layout rules are: (1) those that impact metal 
and contact electromigration; (2) those that impact the hot carrier-associated problems of threshold instability and of 
avalanche breakdown and bipolar latch-up (which limit the amount of voltage on the chip); (3) the combinations of 
design rules that control CMOS latch-up; (4) the isolation spacings and channel lengths which limit chip voltages 


due to punch-through; (5) those for the input and output structures which determine ESD susceptibility; and (6) 
those for guard ring and scribe line !,tructures needed for contamination and moisture protection. These design rules 
are based on the results of a series of reliability evaluations. The validity of each of these sets of rules is verified under 
the combination of worst-case conciJ.tionsfor both critical dimensions and alignment. 


Reliability Analysis of De'4'ice Structures 
and Materials 


Device structure primarily impacts electric field configurations and current density profiles. The details of device 
structure are a strong function of the processes by which they are made. For example, the edge profile of a 
polysilicon gate is a function of polysilicon thickness and doping, edge oxidation and reoxidation thickness, and 
growth temperature. The edge structure has a direct impact on reliability parameters of oxide breakdown voltage for 
normal single poly transistors and on the DC erase and program-disturb 
characteristics of dual poly EPROM 
transistors. 


Another example of a device structUireeffect involves the contact step coverage by metallization which is impacted 
by reoxidation thickness, dielectric thickness, phosphorus content and distribution (for PSG layers), contact etch 
conditions (wet or dry, isotropic or anisotropic) or combination (wet-dry), glass retlow, and the metal evaporator or 
sputterer conditions (substrate temperature, geometrical considerations, etc.). The contact step coverage (percent 
reduction in metal thickness) has a direct impact on the contact sidewall electromigration failure lifetime. 


The choice of materials can also have a direct impact on device reliability. For example, the insertion of a barrier 
material such as tungsten or tantalum silicide between the metal and the silicon diffusion in contacts can prevent 
silicon electromigration from the contact and hence can eliminate the leakage failure mode. However, on the 
cautious side, refractory metals and silicide layers need to be investigated for their mechanical stability. Therefore, 
thin film stresses within, imparted by new layers, are measured as part of the evaluation process. Also, alloys of 
aluminum with copper or magnesium have been shown to improve electromigration lifetime by tying up sites along 
the grain boundaries; however, each needs to be investigated for its susceptibility to corrosion. A very important 
aluminum alloy is silicon-doped aluminum, where the silicon has been incorporated in the metal to its saturation 
point. This prevents alloy pitting and metal spiking of contacts due to dissolution of the silicon from the contact. 


When a new structure or material 
1.S proposed, an evaluation plan and test structures are generated in order to 
investigate all areas of potential reliability impact. Only processes or materials which produce inherently reliable 
structures are permitted. The limits of physical parameters which produce satisfactory reliability are also defined 
from the results of these studies. 


Fundamental 
Reliability Studies 


Fundamental reliability studies are undertaken by the Process Reliability Department when the details of a failure 
mechanism are not well understood or are unknown. Some examples of fundamental reliability studies include 
sequence of events, mechanisms, and structural dependence of electrostatic breakdown and failure on CMOS inputs; 
mechanisms of CMOS latch-up spreading and methods for ,determining the originating site; layout and structural 
dependences of CMOS latch-up susc:eptibility; layout and structural dependences of charge collection on critical 
nodes of alpha-particle-generated miJ~oritycarriers; the impact of AC or pulsed DC operation on e1ectromigration 
design rules; and contact aspect ratio and other geometrical influences on contact electromigration behavior. 


The purposes of these fundamental studies are to: (I) understand in detail the physics of the failure mechanisms, (2) 
understand circuit configuration, layout and operating dependences, (3) use understanding of reliability physics and 
geometry to forecast both environml~ntal and electrical accelerating and decelerating factors and also to develop 
failure rate models of each mechanism, and (4) identify the key physical and/or electrical parameters and their safe 
limits for process control. Finally, based on the understanding derived from these fundamental studies, methodolo- 
gies are developed to deal with these issues on future technologies. 


Process reliability infers the constant development and monitoring of the many components that affect a new 
technology. Each of these can have an effect on product life and therefore must be understood to ensure high 
reliability. The problem of keeping up with these factors is only compounded by the continual shrinking of device 
feature size. 
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Intel maintains a stringent and comprehensive product reliability program. Included in this program are basic device 
and package technology characterization, product qualification failure mode modeling, and product monitors. The 
purpose of this activity is to accurately predict device failure rates as a function of time and assure that each product 
meets and maintains stated reliability objectives. This section discusses reliability objectives, failure rate calculations, 
reliability philosophy - including technology reliability and reliability improvement - and typical reliability test 
results. 


Reliability Objectives 


Intel's reliability objectives can be discussed with reference to the reliability life curve shown in Figure 14. The 
significant portions of this curve fc)rnormal device operation are the infant mortality, early life, and random failure 
periods. 


INFANT 
MORTALITY 


~LYLIFE 


Characteristic of the infant mortality and early life periods is a rapidly declining failure rate with increasing time. 
Subsequent to the early life periocl, device failure rates begin to level off at a low rate which is considered to be the 
random failure period. Wearout failures occur at the end of a device's useful life and are characterized by a rapidly 
increasing failure rate. Consistent with this discussion of the time-dependence of failure rates, Intel has defined a set 
of reliability objectives for each product manufactured as shown in Table 2. These objectives are more graphically 
illustrated with the cumulative-pe:rcent-fail-versus-time and failure-rate-versus-time graphs shown in Figures 15 and 
16. Objectives are stated relative to a 55°C ambient, representing a typical worst-case "real world" application 
environment. 


Table 2. Intel Reliability 
Objectives 
Relative 
to 55°C 
Ambient 
Device Operation 
-:c- 
"C-- 
Failure Period 
Time Period 
Failure Goal 


Infant Mortality 
0-300 
Hours 
0.05% 


Early Life 
0-1 
Year 
Avg. 200 Fit 


Random 
1-20 
Years 
100 Fit 


Wearout 
100,000 hours 
< 0.1 % Cumulative 


CUMULATIVE I 
~ 
~FAIL 
~ 
--------------- 


FAIUlRE I 
RAYE 


---------------- 


The merits of stating reliability objectives in this manner become readily apparent when determining system mainte- 
nance requirements from MTIF 
specifications. With an accurate representation of a component's failure rate char- 
acteristics in time, system-level reliability and maintenance needs 'can be more finely tuned. 


In determining component failure rates, it is important to fully understand the failure rate characteristics as a 
function of time. The most effective way to determine such characteristics is by using accelerated stress tests, either 
high temperature and/or 
high voltage. Intel's failure rate calculations are based primarily on high-temperature 
accelerated results where a thermal activation energy, Ea, is identified for each of the contributing 'failure mecha- 
nisms. Failure rate data taken at the accelerated temperature are then accurately translated to a lower temperature 
through the Arrhenius equation: 


tl/t2 = Exp [Ea (~ 
- ~)] 
K 
T1 
T2 
where TlIT2 
= temperature in OK 
tl> t2 = MTBF at T1 and T2 respectively 
K = Boltzmann's Constant (8.62 X 10-5 eV;oK) 
Ea = Thermal Activation Energy in eV 


Plots of this relationship (normalized for MTBF of one hour at 250"C) for several activation energies are shown in 
Figure 17. 
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Since a device's failure rate is composed of failures with multiple mechanisms having different activation energies 
and thus varying time-temperature relationships, it is important to fully comprehend the characteristics for each of 
the contributing failure mechanisms. Table 3 lists failure mechanisms common to MOS components, along with their 
associated activation energy, test m.ethod for detection, and preventive measures. A more detailed discussion of each 
mechanism, along with data useel in deriving the associated activation energies (and other acceleration factors), is 
given later in this section. 


Failure Mode 
,'ctlvatlon 
Detection 
Prevention 
E:nergy (E.) 


Oxide defects 
0.:3eV 
High voltage 
operating 
Ultra-clean 
processing 


and high-voltage 
stress 


screens 


Refresh 
Degradation 
0.!5eV 
High temp bias 
, 
Ultra-clean 
processing 


Contamination 
1.0eV 
High temp bias 
Ultra-clean 
processing, 


guard rings 


Silicon 
Defects 
0.!5eV 
High voltage 
cell stress 
Quality 
control 


and guard banded 
tests 
and ultra-clean 
processing 
and high- 


voltage 
stress screens 


Metal Line 
0.!5eV 
High temp operating 
life 
Optimal 
design rules, 
Electromigration 
process 
control 


Contact 
O.!leV 
High temp operating 
life 
Optimal 
design 
rules, 
Electromigration 
process 
control 


Masking 
defects/ 
O.!i eV-1.0 
eV 
High temp storage 
and 
Quality control, 
Assembly 
defects 
operating 
life 
inspection 


Microcracks 
N/A 
Temp cycling 
Optional 
design, 
low stress 


packaging, 
low film stresses 


Short Channel 
-IJ.06eV 
Low temp, high voltage 
Optimal 
transistor 
Charge Trapping 
operating 
life 
design, 
high quality 


oxide, process 
control 


Soft Error 
NIA 
Low voltage 
operation 
and 
Optimal 
design, 


accelerated 
alpha source 
material 
quality, 


process 
control 


Using the previously discussed information, the best method to determine a components failure rate is to calculate 
the time-dependent failure rate fo.reach mechanism. The total component failure rate is then the sum of the failure 
rate contributions of each mechamsm for each particular time period. An example of this technique can be illustrated 
using the data as shown in Table 4. 


Table 4. Typical High Temperature (125·C) L1fetest Results 


Failure 
125·C: Frequency of Occurrence at: 


ActivatIon Energy 
48 Hrs. 
168 Hrs. 
500 Hrs. 
1000 Hrs. 


0.3eV 
6 
1 
1 
0 


0.5eV 
11 
5 
2 
1 


1.0eV 
6 
1 
2 
1 


Samples Tested 
40341 
34054 
6256 
5647 


The 125·C data can be translated 
1:0 55·C by plotting the cumulative percent failures versus equivalent time at 55·C. 


The average failure rate between any two points in time is then the slope of the curve in the defined time period. 


As previously mentioned, when c:alculating equivalent time at 55·C from 125·C tests, each mechanism must be 
considered separately, since the a<:celerationfactor between 125·C and 55·C is a function of the activation energy. 
For example, the acceleration in time of a 125·Cjunction temperature relative to a 55·C junction temperature is 6.47 
for 0.3eV, 22.4 for O.SeV,and 501 for 1.0eV. Actual junction temperatures for devices under stress must be calculat- 
ed from their power dissipation, package thermal characteristics, and burn-in chamber air flow. Note that the 
junction temperature under 125·C stress must be compared to the junction temperature at 55·C. Comparing the air 
temperatures, instead of the junction temperatures, is a common mista1<ewhen calculating acceleration factors. 


inter 


Figure 18 shows the cumulative percent failure versus equivalent 55°C time for failures associated with each activa- 
tion energy as well as the combined curve for all failures. This format is probably the most useful for presenting 
reliability data from a system manufacturer's standpoint, because it yields "removal rate" directly. 
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Reliability Philosophy 


The concept that product reliability is inherent in the technology is Intel's fundamental philosophy and is the basis 
for the company's reliability program. Infant mortality and early life failure rate characteristics can be improved 
with screening techniques - longer-term reliability is a function of the technology. Based on this premise, a key 
emphasis of Intel's reliability program is in basic technology and failure mechanism modeling. Intel uses, along with 
basic technology characterization, 
a lead product (typically a memory component) as the technology reliability 
qualification and failure mechanism characterization vehicle. Subsequent qualifications on products processed on 
"qualified" technologies are used to verify that no new failure mechanisms are introduced as a result of design layout 
error or circuit or test complexity. 


The principle that product reliabili1yis a function of technology and that products processed on the same technology 
will have equivalent reliability is easily illustrated by comparing static RAM and microprocessor failure rate charac- 
teristics. Figure 19 shows cumulative percent fail versus time curves of a lK SRAM (2115H), 4K SRAM (2147H), 
and 8086 microprocessor, all procl:Ssed on the same technology. As can be seen, except for the active area depen- 
dence, each product has equivalent. reliability characteristics. 
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Figure 19. Failure Versus Time Characteristic 
Comparison of SRAMs and Microprocessors 


With this emphasis on technology ,!nd failure mechanism modeling, reliability can be built into the technology and 
likewise into subsequent products. In addition to process and process control improvements, this understanding of 
the technology allows for optimization of screening techniques which further improve, in particular, the infant 
mortality and early life component failure rates. 


Manufacturing Engineering has the information necessary to run the process so that it will have the optimum 
margins. 


During the pre-production phase Reliability Engineering subjects units to bum-in and lifetests. The failures are 
carefully analyzed by the responsihle reliability engineer. It often takes a team effort by Reliability, Design, Process, 
and Test Engineering to understand the failures and to define the optimum process or design tweaks necessary to 
eliminate the uncovered problems. 


Reliability Engineering identifies file physical failure mechanism responsible for each failure. Based upon the physi- 
cal model for each mechanism, faJJure rate projections are made. Only when the projected failure rate reaches the 
goals established in the product target spec are significant production levels allowed on the product. 


The development of the product lisperformed on the manufacturing line itself, since Intel does not have a pilot 
manufacturing line. This reduces the possibility of new problems occurring during high-volume production, which 
frequently is observed during a transition from a pilot line to a final manufacturing line. The manufacturing engi- 
neers and personnel have a major involvement in fabricating t:heproduct, long before significant production volumes 
are reached. The process development and the design engineers work together with the manufacturing personnel 
until all the manufacturing bugs have been worked out. 


The successful development of a product requires a complete understanding of quality and reliability issues through- 
out the entire development cycle. Quality and reliability cannot be an after-thought. 


To assure that all products meet and,maintain these reliability objectives, Intel maintains a comprehensive reliability 
program. Within the program there are four distinct areas of focus: 


Technology Reliability 
TechnologylProduct 
Qualification 
Reliability Monitors 
Reliability Improvement 


Early in the technology/product 
development cycle the reliability engineering group works closely with Technology 


Development, Assembly Engineering and Fab Engineering to identify potential reliability concerns. Team meetings 
are held to specifically address thest: reliability concerns and establish evaluation/modeling 
programs. The focus of 
this activity is to verify design rules, such as line and contact current density rules, and model failure kinetics (time 
dependence and acceleration factors) for potential new concerns, such as thin dielectrics. The primary purpose is to 
identify limitations early so that process modifications, process control improvements, or design revisions can be 
made before qualification material i~lmanufactured. 


The purpose of the Intel Automotive technology/product 
qualifications is to assure that the short- and long-term 
reliability objectives of Intel components are met. All new technologies and products or changes to existing products 
are subject to qualification before production shipments are made. Specific areas requiring qualification include: 


1. New technology/process 
2. Process modification 
3. Design revision 
4. Wafer fab transfer/pick-up 
5. New package 


In performing the qualification, a sc:riesof key tests are performed to accurately evaluate a product's failure rate 
characteristics and to assure that the previously discussed reliability objectives are met. These tests conclude the 
following: 


1. High Temperature Dynamic Lifetest· 
2. High Voltage Dynamic Lifetest 
3. Low Temperature Dynamic Lifetest 
4. High Temperature Storage (Bake) 
5. High TemperaturelHumidity 
Lifetest· 
6. Temperature Cycling· 


High temperature dynamic lifetesting is performed to measure actual field reliability. Lifetests of lOOO-hourto 2000- 
hour duration are used to accelerate failure mechanisms by functionally operating the device at an elevated ambient 
temperature (125°C). Data obtained. from this test are used to predict product infant mortality, early life, and 
random failure rates. Data are tramlated to standard operating temperatures by failure analysis to determine the 
activation energy of each of the observed failures, using the Arrhenius relationship as previously discussed. Lifetest- 
ing is performed at a 125°C ambient operated at + 5 percent voltage conditions with typical or nominal timing 
parameters. 
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High voltage dynamic lifetesting is performed to verify long-term failure rates and assure wearout objectives. Results 
through 1000-2000 hours are also used as an aid in identifying failure mechanisms and assessing their respective 
acceleration factors. Test conditions are identical to the high temperature lifetests except that voltage conditions are 
elevated to 7- 8 volts. 


Low temperature dynamic lifetest,ng is used to detect the effects of hot electron injection. The conditions for hot 
electron injection occur during operation when the transistors are in saturation. To accelerate this effect, low 
temperature (-IO"C), 
high voltage (7-8 volts) and maximum duty cycle are used. Test duration is 1000-2000 
hours. 


High temperature storage (Oake) i> a test in which devices are subjected to elevated temperatures with no applied 
bias. Temperatures used are 16O"C(1000 hours) for plastic-encapsulated devices and 250"C (500 hours) for devices in 
hermetic packages. The test is used to detect mechanical instabilities such as bond integrity, and process wearout 
mechanisms such as ionic contamination, contact integrity, and in the case of EPROMs, data retention. 


High temperaturelhumidity 
testing is performed to evaluate moisture resistance characteristics of plastic-encapsulat- 
ed components. A 2000-hour test is performed under static bias conditions at 85°C/85 percent relative humidity with 
nominal voltages. To maximize metal corrosion conditions, the biasing configuration is either under low power or no 
power, with alternative pins biased.at + 5 volts or 0 volts. 


This test consists of cycling the temperature of a chamber housing device from - 65°C to 150"C (condition C) with 
no applied bias. Temperature cycling (1000 cycles) is used to detect mechanical instabilities such as bond and die 
attach integrity as well as metal or polysilicon microcracks. Condition C is a requirement of the SAE temperature 
cycling qualification test. 


Minimum sample size requirement, for qualification testing vary depending on complexity. There are three catego- 
ries of qualifications: new technolo,~y, process/product, 
revisions. Table 5 shows the types of qualifications for each 
category, and Table 6 shows the qualification tests and sample size requirements for each category. 


Category 
Type 


New Technology 
• 
New Module 
• 
Process Scaling 
• Wafer Fab Transfer 


Process/Product 
• 
New Product using a 
Qualified 
Process 
• 
Package Change 
• 
Product Conversion 
to Qualified 
Process 
• 
Non Scaling Process 
Change 


Revision 
• 
Design Revision of 
Existing Product 
• 
Equipment 
Changes 
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, 


Product/ 
RevIsion 
Evaluation 
Test 
Technology 
Qual. 
Product/Qual. 
Qual. 


Infant 
125·C 
10K units 
3-5K 
units 
100-300 
Units 


Mortality 
Dynamic 
10 lots through 
3-5 
lots 
1-3 
lots 


Lifetest 
48 hours, 5K 
through 48 
through 


units (5 lots) 
hours 
168 hours 
through 
168 hours 


Early Life 
125·C 
2000 hours, 750 
1000 hours 
1000 Hours 
Random 
Lifetest 
units from 5 lots 
300 units from 
100-300 
units 


5.0V 
3 lots 
from 1-3 
lots 


125·C 
I 
2000 hours 500 
N/A 
N/A 
units from 5 lots 


85/85 
2000 hours, 1000 
1000 hours, 
1000 hours 


Plastic 
units from 5 lots 
300 units from 
100-300 
units 


Only 
3 lots 
from 1-3 
lots 


Wearout 
250·C 
1000 hours, 250 
500 hours, 150 
168 hours, 100 


Bake EPROM 
units from 5 lots 
units from 
units from 


3 lots 
2 lots 


250·C Bake 
500 hours, 125 
500 hours, 75 
500 hours, 25- 


units from 5 lots 
units from 
75 units from 


3 lots 
1-3 
lots 


-10·C 
2000 hours, 125 
N/A 
N/A 


Dynamic 
units from 5 lots 


Temp. Cyclo 
1000 cycles, 125 
1000 cycles, 
1000 cycles, 


units from 5 lots 
75 units from 
25-75 
units 


I 
3 lots 
from 1-3 lots 


Once a technology/product 
is qualified, a production monitor is established to assure that reliability objectives are 
maintained on a continuing basis. Samples from standard production material representing each technology and 
product family and manufacturing plant (under fab and assembly) are subjected to a series of reliability tests as 
defined in Table 6. Analysis is performed on all failures, and data are trended on a weekly basis. This analysis allows 
for rapid identification of potential, problems and subsequent corrective action plans. If at any time a product's 
failure rate exceeds Intel's reliability objectives, a Material Review Board (MRB) is immediately formed to take the 
appropriate corrective actions. 


Reliability improvement is a continuing process. It starts during the initial phases of a product's development and 
lasts throughout its life cycle.As previously discussed, product reliability is inherent in the technology; thus much of 
the improvement comes from proce~s and process control enhancements. The reliability improvement curve foIlows 
the product learning curve. That is, as the product/technology 
matures, yields increase primarily due to lower defect 
levels. Lower initial defects also yield lower latent defects, resulting in improved reliability. 


In addition to technology learning, reliability learning also plays a significant role in reliability improvement. By 
using data and failure analysis from the qualification and monitor activity, dominant mechanisms are identified. 


These mechanisms are fully characterized, resulting in optimized or new reliability screens and/or process or process 
control improvements. Further, since each new generation of products builds on this knowledge, there is improved 
reliability with each generation of products. This reliability improvement trend is illustrated by the failure rate 
evolution of NMOS dynamic RAMs shown in Figure 20. 


Though long-term reliability is inhl:rent in the technology, reliability screening techniques are effective in improving 
infant mortality and early life failure rates. These screens consist of thermal and/or voltage accelerated stresses to 
age the product, thereby achieving a lower initial failure rate. Another screening technique is the use of a guardband- 
ed functional test to detect marginalities induced by latent defects. Figure 21 shows the effects of an aging screen on a 
product's failure rate characteristic,i. As can be seen, early failure characteristics are significantly improved, though 
long-term characteristics are relatively unchanged. As a result, Intel employs the use of screening techniques to 
improve reliability in the early stages of a product's life cycle, though the longer-term goal is to achieve reliability 
objectives through process and/or process control improvements . 
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Table 7 shows reliability test data and failure calculations for key technology families (EPROM, SRAM, Microproc- 
essor) based on results from Intel's Reliability Program. 


Tattle 
7. Reliability 
Test Data for Intel Product 


No. 
Device 
Equivalent 
Device Hours 
Failure Rate 
Technology 
Lots 
Hours 
55·C, for Ea = 0.3,0.5,1.0 
eV 
55·C, for Ea = 0.3,0.5, 
1.0 eV 


125·C 
0.3eV 
1.0eV 
0.3eV 
0.5eV 
1.0eV 


HMOS-I 
409 
4.29E7 
2.37EB 
1.35E10 
70 
20 
0 


HMOS-II 
299 
4.77E7 
2.50EB 
1.21E10 
110 
0 


HMOS-III 
12 
2.33E6 
1.23E7 
5.92E8 
80 
0 


HMOS-Dill 
102 
2.72E7 
1.76EB 
1.36E10 
50 
50 
0 


NMOS-5V 
155 
1.31E7 
5.98E7 
B.70EB 
190 
0 


NMOS-12V 
167 
7.24E7 
4.9BEB 
3.10E10 
160 
0 
0 


EPROM 
213 
2.01E7 
1.0BEB 
1.29E9 
50 
90 
20 


HMOS-E 
261 
4.06E7 
2.14EB 
9.36E9 
40 
40 
10 


Many mechanisms affect product reliability. It is necessary to investigate each of them as thoroughly as possible in 
order to characterize and predict thl' useful life of the product. Many of these can be examined through stress tests. 
Other data are accumulated through monitor programs maintained on a continuing basis. 
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Reliability is designed into each eomponent Intel manufactures. From the moment the design is put on paper, 
stringent reliability standards must:be met at each step for a product to bear the Intel name. 


Built-in reliability has been the pol:icyofIntel ever since the first 3101 RAM was marketed in 1969. Since then, each 
new product Intel has introduced carries the reliability lessons learned from previous products and processes. Intel's 
years of leading-edge semiconductor design and manufacturing experience support the reliability of today's state-of- 
the art devices. 


The Intel Reliability Monitor Pro~;ram, started in 1974, measures and controls reliability of Intel components. The 
program provides Intel with the necessary data to accurately measure and control process drifts. At present, over 
60,000 components are tested each month, representing all Intel technologies, and resulting in a reliability database 
of over 125 million device hours. This comprehensive program establishes device acceptance, bum-in requirements, 
and lot acceptance criteria. 


This monitor program ensures that Intel customers receive only highly reliable devices. Their products can then be 
designed with assurance of low down-time, lower maintenance cost, and lasting quality. 


The monitor program is administered and executed by the Reliability Departments of Intel's Components Division 
Quality and Reliability organization. Actual testing is done by each component division's reliability department. A 
central monitor coordinator maintuns a central database of all monitor data, standardizes procedures for all divi- 
sions, and tracks performance. 


The decision on which products ar,~to undergo the monitor program is made quarterly at each divisional manufac- 
turing division. Typically chosen are new devices or devices recently upgraded to a new process or stepping. The 
program coordinator, however, ensures that a complete range of processes and products throughout the company is 
continually tested. 


The products are selected after manufacturing testing. They are then retested under the monitor program. The 
devices undergo a complete 48-hour 125°C lifetest while the devices are operated to simulate normal use. The 
number of valid failures, i.e., those found by analysis to be due to the dynamic lifetest stress, determines the "infant 
mortality" failure rate. 


The bum-in sample size is at least 1000 devices for each product tested. Each month, over 60,000 devices are pulled 
out of fmal test for the monitor program. This represents several million Q01larsper year in product alone that Intel 
devotes to ensuring ongoing produet reliability, not to mention the countless man-hours and data processing. 


After that test, approximately six percent of the devices are left on test to complete a l()()()'hour lifetest at 125°C. 
This measures the transition betwec:n"infant mortality" and "random failure rate" in portions of the bathtub curve 
shown in Figure 12. A readout is taken at 168, 500 and 1000 hours to determine the time-dependent failure rate. 


The resulting data on the device's failures rates are measured against reliability goals set in the target specification. 
Each device that fails undergoes a detailed analysis to determine the failure mechanism, its importance to the process 
or device, and appropriate corrective action. 
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The Intel Reliability Monitor Program would be value limited without one essential ingredient: failure analysis. 
Failures that occur at any part of the production cycle are identified, and the failure mechanism is determined using 
various types of analytical techniques. Included techniques are EDX/SEM, Auger or visible light. Alternately, many 
electrical tests are performed using bench testers, logic analyzers, oscilloscopes, etc. A newer combination of tech- 
niques employs Dynamic Fault Imaging9, which is a combination of voltage contrast SEM and a sophisticated image 
processing capability. 


Failure mechanisms, once identified, lead to corrective actions and elimination of the problem. Table 8 shows the 
activation energies of several commonly encountered failure modes. 


Failure Mode 
Type 
Activation 
Energy 
(Ea) 


Oxide Defects 
, 
Infant/Random 
0.3eV 


Silicon Defects 
Infant/Random 
0.5eV 


Mask Defects 
Random 
0.5eV 


Refresh 
Random 
0.5eV 


. Charge Loss/Gain 
Infant/Random 
0.6eV 


Surface Charge 
Wearout 
0.5-1 
eV 


Metal Electromigration 
Wearout 
0.5eV 


Polarization 
Wearout 
1.0 eV 


Slow Trapping 
Wearout 
1.0 eV 


Contamination 
Wearout/lnfant 
1.0 eV 


Microcracks 
Random 
1.0-1.4 
eV 


Contact 
Electromigration 
Wearout 
0.5-0.geV 


Hot Electron 
Injection 
Wearout 
-0.06eV 


The several Q & R reliability groups establish the performance monitors and the appropriate control limits. The 
current values for burn-inllifetest 
failures and for package failures are given in Table 9. 


Mode 
% Defective 


Burn-In/Lifetest 
@1~!5°C, 168 hr. Cum Failures 
0.2 
Package-Related 
(all stresses) 
0.5 


When failure rates exceed these limits, corrective actions are instituted via the Materials Review Board (MRB). 
These corrective actions may include testing additional samples to confirm the failure modes and extent of the 
problem, subjecting the new samples to more stringent tests, stopping the product flow, and adding test screens to 
remove defective products before shipping. Screens are kept in place until the problem has been resolved and 
reliability is re-established. Several techniques used by Intel to control reliability once problems are identified are 
shown in Figures 22 and 23. 


9. J.I. Goldstein, D.E. Newbury, P. Exhlin, D. C. Joy, C. Fiori, E. Lifshin, "Scanning Electron Microscopy and 
X-Ray Microanalysis", (1981), PI,mum Press. 
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1. Timeframe: 
2. Infant Monality-Defined 
as those valid failures after 48 
hour dynamic 
burn-in at 125°C. 
3. Products 
Sampled: 


Technology 
No. of Lots 
Total 
No. 
No. Failed 
% Defective 
Sampled 
of Devices 


4. 
5. 
6. 
7. 
8. 


1. The time span ,)ver which 
the product 
was sampled. 


2. The definition 
cf 'Infant 
Mortality'. 
3. Those 
productE 
included 
in the sample 
from the process 
technologies. 
4. The Intel techn)logy 
family. 


5. Number 
of distinct 
lots of product 
sampled 
during the timeframe. 


6. Total 
numbers 
,)f devices 
from a technology 
submitted 
to the process 
monitors. 


7. Number 
of valid failures 
in the timeframe 
for that technology. 
8. Percent 
of failu 'es in the timeframe 
for that technology. 


1. Timeframe: 
2. Failure rate: Defined as that rate predicted 
at 55°C 60% UCL, as 
extrapolated 
from 1000 hours, 125°C, dynamic 
Iifetest data. 
3. Technology: 
4. Products 
sampled: 


No. of lots 
At:tual 
Activation 
{; Fall 
Equlv 
Failure 
rate at 
sampled 
device 
hrs. 
energy 
at 
devlcehrs. 
55°C(60% 
UCL) 
at '125°C 
E(ACneV 
E(ACn 
at 55°C 
%/1000 
hrs 
FITS 


5. 
6. 
7. 
8. 
9. 
10. 
11. 


'Combined 
failure 
rale. 
12. 
13. 


1. The time span over which 
the product 
was sampled. 


2. Definition 
of failure 
rate. 


3. The Intel technology 
family. 
4. Those 
products 
included 
in the sample 
from the process 
technology. 


5. Number 
of distinct 
lots of product 
sampled 
during the timeframe. 


6. Total 
accumulated 
device 
hours at 125·C. 


7. Activation 
ener~IY of the experimentally 
validated 
failure 
mode. 


8. Number 
of devic:es failed 
at that activation 
energy. 
9. Equivalent 
devi<:e hours at that activation 
energy 
extrapolated 
to 55·C. 
10. Failure 
rate of that failure 
mechanism 
at 55'C 
(60% 
UCL) in %/1000 
hours. 


11. The same failure 
rate as 10., only expressed 
in 'FITs', 
failures 
in 109 hours. 
12. Combined 
fail~re 
rate for that technology 
at 55'C 
(60% 
UCL) in %/1000 
hours. 


13. The same failure 
rate as 12., only expressed 
in 'FITs', 
failures 
in 109 hours. 


'(Combined 
fa lure rate does not include 
48 hour burn-in 
data.) 


The upper and lower control limits (UCL/LCL) 
for these processes are shown. In addition to the control charts, 
Intel employs a large variety of sta,tistical tools to analyze product reliability. Having defined the fault, the pertinent 
information is immediately sent to the responsible operation. For instance, if a bond pull is below spec, the relevant 
information is sent to Assembly Sustaining Engineering and to the site manufacturing organizations. They will 
revise, repair, or replace the bonding procedure to eliminate the problem, if caused by an assembly problem. 
However, other groups may have to be involved to solve the problem. Fab may need to fu its bond pad opening etch 
procedures so that residual glass does not remain on the pad. Alternately, Materials Quality (MQ) may have to 
modify the leadframe inspection methods to assure proper bond fmger plating. Such potential fues are generally 
discussed in joint MRB meetings of all concerned organizations. 


The Intel Reliability Monitor Program is administered by the Intel Corporate Components Coordinator. Each 
operation's reliability department works closely with the Coordinator to assure that representative samples of that 
group's products are rapidly tested immediately upon manufacture. Reliability results categorized by product and 
technology are issued at periodic intervals. An explanation of the report as given in the Reliability Monitor Bro- 
chure, Order No. 210301, is shown in Figure 24. 


Copies of Reliability Reports are available to customers from the Intel Literature Department. This information, 
part of the corporate database, is Ilpdated semiannually. Specific product summaries can also be obtained from Intel 
Literature Department. 


The Intel Reliability Monitor Program tests thousands of components per month in order to detect any change in the 
manufacturing process that could affect reliability. Any variance from Intel standards is quickly detected, and 
corrective actions are taken immediately to ensure continuity of product performance, quality, and reliability. 


CHAPTER 
4 
CUSTOMER 
SUPPORT 


As LSI devices become more complex the testing of these devices becomes more difficult. Today testers cost upwards 
of $1 million per machine. Test programs can cost an equal amount for development and continual support. 
Ultimately the goal of a supplier is to provide product which meets the customer's requirements and can be used 
with few or no incoming inspections. Programs have been implemented that have achieved this goal with several 
customers. However, the overall goal is not to have individual programs for each Intel customer. It is, rather, to have 
a total quality program in place that can accommodate all customers. 


One of Intel's steps for achieving minimal or zero incoming inspection is to rely heavily on customer feedback. 
Customers' perception of received product quality that guarantees "data book performance" or "performance to 
customer specifications" is not sufficient; all product correlation issues must be resolved with the customer to gain 
product confidence. 


Monthly, Intel monitors the quality of its performance with customers through several indicators such as percent 
defective at the customer's incoming product inspection, returned material, and rankings or ratings. Identifying 
products causing a high percentage defective at the customer's incoming inspection or the causes for a poor rating! 
ranking represents the start of corrdative action to eliminate problems. This type of "work with" attitude creates 
customer confidence in using Intel's products, eventually leading to little or no incoming inspection. 


Many factors can cause the rejection of good units or acceptance of bad units when a customer tests Intel-supplied 
parts in its incoming inspection facibties. Correlation issues, in particular, can create havoc leading to line shutdown 
at an incoming inspection location. The following graph, Figure I, represents the problems of guaranteeing simple 
correlation between customer and v,:ndor on a given product. 
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QA group (F) will sample-test th,~e devices at a guardbanded 247 ns. The customer may desigu their incoming 
inspection to test these devices from 250 ns to 255 ns for use in the system. (Their system should be designed to run 
at approximately 270 ns to 300 ns.) Variables such as testing temperatures, test patterns, test voltage, test equipment 
tolerances, and system design can (:ausemeasurement values to shift from 2 ns to 20 ns. If Intel and the customer do 
not mutually agree to guardband their measurements, there will be constant correlation issues raised between the 
two, where Intel passes a part that the customer may fail. In other words, Intel and its customers must agree on the 
test parameters so that the data distribution is acceptable to both. 


However, agreement on guardbanding alone is not sufficient. Communication between Intel and the customer is 
truly essential. During the early 1970's Intel instituted the FAiCR (Failure Analysis/Correlation 
Request) system. 


Using this system, a customer may return failed units to Intel for failure analysis or test correlation. These failures 
may include qualification, incoming inspection, board/system fallout and others. The sequence of events in Table 1 
shows how units can go from the customer to Intel on a FA/CR. 


I. Customer detects a failure ... 
at qualification, at incoming test or at board/system. 
2. Customerllntel 
Field Sales Er-.gineer(FSE) generates a FAlCR. 


3. FSE sends U1iitsto engineering support location (manufacturing site of device). 
4. Failure Analysis Administrator (FAA) assigns FA/CR number for tracking. 
5. FAA acknowledges receipt of FAiCR to customer and obtains necessary information for failure analysis. 
6. Product Engineering performs GolNo-Go test and reports results to FAA. 
7. FAA ma1<escall to FSE or cust:Omerand reports results. If failure analysis is required, FAA directs FAiCR to 
appropriate engineering group. 


8. Appropriate engineering group completes evaluation and generates Engineering Evaluation Report (EER) for 
signatures. 
9. FSE communicates FA/CR 
results to customer. 


The customer needs to give Intel as much test condition/stress 
information as possible. The customer should then 
give one to five representative units to the responsible Intel salesperson. The units are then forwarded to the proper 
operation. In the cases of Europe and Japan, there are test correlation sites located in Swindon, England and 
Tsukuba-gun, Japan. Approximately 75 percent of all local correlation activities can be performed at these sites. The 
remaining units are sent to the spedfic U.S. operation for correlation. 


If requested by the customer, a formal report will be generated within 21 working days. It will detail the cause of 
failure and any necessary correctiv,e action. The analysis detail is totally dependent upon the amount of customer- 
~upplied information. That is, the more detail a customer can supply about the applied stresses or test conditions, the 
more in-depth the resultant failure analysis. 


The success of the FA/CR system (:an be readily seen in the dramatic improvement in customer measured DPM for 
an automatic device as shown in Fi gure I of Chapter I. The period over which the dramatic improvement occurred 
was one of intense FAiCR 
activity. 


Also, failures have been related to a variety of non-functional problems. In some cases the customer found that their 
incoming test tape was improperly testing the product. In other cases Intel had to modify its test tapes or procedures 
to prevent nonconforming material from reaching customers. 
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The FAiCR system is essential in resolving technical issues arising from testing VLSI product. In addition to the 
FAiCR system, Intel also analyzes l:hecauses for material returned to the factory. Within Intel, these returns are 
called RMA or Returned Material Authorizations. These RMAs are analyzed to determine the return cause. If 
necessary, an FAiCR is generated to determine and correct the problem. 


Customer confidence in Intel product is essential if minimal or no incoming inspection is to be achieved. This 
confidence is promoted through a fOlmal program that regularly feeds back to Intel information on defects, returned 
material and other information. The lerious interaction between Intel and the customer can then effectively eliminate 
any problems and increase the perception of high product quality and reliability. 
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CHAPTER 5 
INTEL MEMORY TECHNOLOGIES 


This chapter is devoted to techniques and informa- 
tion to help you design and implement semiconduc- 
tor memory in your application or :~ystem.In this sec- 
tion, however, the memory chip itself will be exam- 
ined and the processing technology required to turn 
a bare slice of silicon into high peliormance memory 
devices is described. The discussion has been limit- 
ed to the basics of MOS (Metal Oxide Semiconduc- 
tor) technologies as they are rusponsible for the 
overwhelming majority of memory devices manufac- 
tured at Intel. 


There are three major MOS teclmology families- 
PMOS, NMOS, and CMOS (Figure 1). They refer to 
the channel type of the MOS transistors made with 
the 
technology. 
PMOS technologies 
implement 
p-channel transistors by diffusing p-type dopants 
(usually Boron) into an n-type silicon substrate to 
form the source and drain. P-cha,nnelis so named 
because the channel is compr sed of positively 
charged carriers. NMOS technologies are similar, 
but use n-type dopants (normally phosphorus or ar- 
senic) to make n-channel transistors in p-type silicon 
substrates. N-channel is so narned because the 
channel is comprised of negativel)' charged carriers. 
CMOS or Complementary MOS technologies com- 
bine both p-channel and n-channel devices on the 
same silicon. Either p- or n-type silicon substrates 


p~ 
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~ 


can be used, however, deep areas of the opposite 
doping type (called wells) must be defined to allow 
fabrication of the complementary transistor type. 


Most of the early semiconductor memory devices, 
like Intel's pioneering 1103 dynamic RAM and 1702 
EPROM were made with PMOS technologies. As 
higher speeds and greater densities were needed, 
most new devices were implemented with NMOS. 
This was due to the inherently higher speed of 
n-channel charge carriers (electrons) in silicon along 
with improved process margins. The majority of 
MOS memory devices in production today are fabri- 
cated with NMOS technologies. CMOS technology 
has begun to see widespread commercial use in 
memory devices. It allows for very low power devic- 
es and these have been used for battery operated or 
battery back-up applications. Historically, CMOS has 
been slower than any NMOS device. Recently, how- 
ever, CMOS technology has been improved to pro- 
duce higher speed devices. Up to now, the extra 
cost processing required to make both transistor 
types has kept CMOS memories limited to those ar- 
eas where the technology's special characteristics 
would justify the extra cost. In the future, the learn- 
ing curve for high performance CMOS costs will 
make a larger and larger number of memory devices 
practical in CMOS. 


F'lgure 
1. MOS Process 
Cross-sections 
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In the 
following 
section, 
the 
basic 
fabrication 
se- 


quence 
for 
an 
HMOS 
circuit 
will 
be 
described. 


HMOS 
is a high performance 
n-channel 
MOS pro- 


cess developed 
by Intel for 5V single supply circuits. 
HMOS, 
along 
with 
its 
evolutionary 
counterparts 


HMOS II and HMOS III, CHMOS 
and CHMOS 
II (and 


their variants), 
comprise 
the process 
family respon- 


sible for most of the memory 
components 
produced 


by Intel today. 


The MOS IC fabrication 
proces::l begins with a slice 


(or wafer) of single crystal 
silicon. Typically, 
it's 100 
or 150 millimeter 
in diameter, 
about a half millimeter 


thick, and uniformly 
doped 
p-type. The wafer is then 
oxidized 
in a furnace 
at around 
1000·C 
to grow 
a 


thin 
layer of silicon 
dioxide 
(Si02) 
on the 
surface. 
Silicon 
nitride is then deposited 
on the oxidized 
wa- 
fer in a gas phase 
chemical 
roactor. 
The wafer 
is 
now ready to receive 
the first ilattern 
of what 
is to 


become 
a many layered complex 
circuit. The pattern 


is etched 
into 
the 
silicon 
nitrilje 
using 
a process 


known 
as photolithography, 
which 
will be described 


in a later section. 
This first pattern 
(Figure 2) defines 


the boundaries 
of the active regions of the IC, where 


transistors, 
capacitors, 
diffused 
resistors, 
and 
first 


level interconnects 
will be mado. 
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Figure 
2. Flr$t Mask 


The patterned 
and etched 
waf'3r is then implanted 


with additional 
boron atoms 
aCGelerated at high en- 


ergy. The boron will only reach the silicon substrate 
where 
the nitride 
and oxide was etched 
away, pro- 


viding 
areas 
doped 
strongly 
p-lype 
that will electri- 


cally separate 
active areas. After implanting, 
the wa- 


fers are oxidized 
again and this time a thick oxide is 
grown. 
The 
oxide 
only 
grows 
in the etched 
areas 
due to silicon nitride's 
properties, as an oxidation 
bar- 


rier. When 
the oxide 
is grown, 
some 
of the silicon 


substrate 
is consumed 
and this gives a physical 
as 


well 
as electrical 
isolation 
for adjacent 
devices 
as 


can be seen in Figure 3. 
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Having fulfilled 
its purpose, 
the remaining 
silicon 
ni- 


tride layer is removed. 
A light oxide etch follows 
tak- 


ing with it the underlying 
first oxide 
but leaving 
the 


thick (field) oxide. 


Now that the areas for active transistors 
have been 


defined 
and 
isolated, 
the 
transistor 
types 
needed 


can 
be determined. 
The 
wafer 
is again 
patterned 


and then if special'characteristics 
(such as depletion 


mode 
operation) 
are 
required, 
it is implanted 
with 


dopant 
atoms. 
The energy 
and dose 
at which 
the 


dopant atoms are implanted 
determines 
much of the 


transistor's 
characteristics. 
The type 
of the dopant 


provides 
for depletion 
mode 
(n-type) 
or enhance- 


ment mode (p-type) 
operation. 


The transistor 
types 
defined, 
the gate oxide 
of the 


active 
transistors 
are grown 
in a high temperature 


furnace. 
Special 
care must be taken to prevent 
con- 


tamination 
or inclusion 
of defects 
in the oxide and to 


ensure 
uniform 
consistent 
thickness. 
This is impor- 


tant to provide 
precise, 
reliable 
device 
characteris- 


tics. The gate oxide layer is then masked 
and holes 


are 
etched 
to 
provide 
for 
direct 
gate 
to 
diffusion 


("buried") 
contacts 
where 
needed. 


The wafers 
are' now deposited 
with a layer of gate 


material. 
This 
is 
typically 
poly 
crystaline 
silicon 


("poly") 
which is deposited 
in a gas phase chemical 


reactor 
similar 
to that 
used for silicon 
nitride. 
The 


poly is then doped (usually with phosphorus) 
to bring 


the sheet resistance 
down to 10-20 
O/square. 
This 


layer is also used for circuit 
interconnects 
and if a 


lower resistance 
is required, 
a refractory 
metal/poly- 


silicon 
composite 
or refractory 
metal silicide 
can be 


used 
instead. 
The 
gate 
layer 
is then 
patterned 
to 


define 
the actual 
transistor 
gates 
and interconnect 


paths (Figure 4). 


Figure 
4. Post Gate Mask 


The wafer 
is next diffused 
with n-type 
dopant 
(typi- 


cally arsenic 
or phosphorus) 
to form the source 
and 


drain junctions. 
The transistor 
gate material 
acts as 


a barrier to the dopant providing 
an undiffused 
chan- 


nel self-aligned 
to the two junctions. 
The wafer 
is 


then oxidized 
to seal the junctions 
from contamina- 


tion with a layer of Si02 
(Figure 5). 
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Figure 5. Post Oxidation 


A thick layer glass is then depositnd over the wafer 
to provide for insulation and sufficiently low capaci- 
tance between the underlying laYElrsand the metal 
interconnect signals. (The lower the capacitance, 
the higher the inherent speed of the device.) The 
glass layer is then patterned with contact holes and 
placed in a high temperature furnace. This furnace 
step smooths the glass surface and rounds the con- 
tact edges to provide uniform metal coverage. Metal 
(usually aluminum or aluminum/silicon) is then de- 
posited on the wafer and the interconnect patterns 
and external bonding pads are del'ined and etched 
(Figure 6). The wafers then receivl3 a low tempera- 
ture (approximately 500°C) alloy that insures good 
ohmic contact between the AI and diffusion or poly. 
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Figure 6. Complete 
Circuit (without 
passivation) 


At this point the circuit is fUlly opewtional, however, 
the top metal layer is very soft and easily damaged 
by handling. The device is also susceptible to con- 
tamination or attack from moisture. To prevent this 
the wafers are sealed with a passiv~ltionlayer of sili- 
con nitride or a silicon and phosphorus oxide com- 
posite. Patterning is done for the last time opening 
up windows only over the bond padHwhere external 
connections will be made. 


This completes basic fabrication sequence for a sin- 
gle poly layer process. Double poly processes such 
as those used for high density Dynamic RAMs, 
EPROMs, and E2PROMs follow tho same general 
process flow with the addition of gate, poly deposi- 
tion, doping, and interlayer dielectric; process mod- 
ules required for the additional poly ayer (Figure 7). 
These steps are performed right after the active 
areas have been defined (Figure 3) providing the 
capacitor or floating gate storage nodes on those 
devices. 
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Figure 7. Double Poly Structure 


After fabrication is complete, the wafers are sent for 
testing. Each circuit is tested individually under con- 
ditions designed to determine which circuits will op- 
erate properly both at low temperature and at condi- 
tions found in actual operation. Circuits that fail 
these tests are inked to distinguish them from good 
circuits. From here the wafers are sent from assem- 
bly where they are sawed into individual circuits with 
a paper-thin diamond blade. The inked circuits are 
then separated out and the good circuits are sent on 
for packaging. 


Packages fall into two categories-hermetic 
and 


non-hermetic. Hermetic packages are Cerdip, where 
two ceramic halves are sealed with a glass fritt, or 
ceramic with soldered metal lids. An example of her- 
metic package assembly is shown in Table 1. Non- 
hermetic packages are molded plastics. 


The ceramic package has two parts, the base, which 
has the leads and die (or circuit) cavity, and the met- 
al lid. The base is placed on a heater block and a 
metal alloy preform is inserted. The die is placed on 
top of the preform which bonds it to the package. 
Once attached, wires are bonded to the circuit and 
then connected to the leads. Finally the package is 
placed in a dry inert atmosphere and the lid is sol- 
dered on. 


The cerdip package consists of a base, lead frame, 
and lid. The base is placed on a heater block and 
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attached and bonded to the leads. Finally the lid is 
placed on the package and it is inserted in a seal 
furnace where the glass on the two halves melt to- 
gether making a hermetic package. 


In a plastic package, the key ccmponent is the lead 
frame. The die is attached to a pad on the lead 
frame and bonded out to the le,adswith gold wires. 
The frame then goes to an injection molding ma- 
chine and the package is formed around the lead 
frame. After mold the excess plastic is removed and 
the leads trimmed. 


After assembly, the individual ci'cuits are retested at 
an elevated operating temperature to assure critical 
operating parameters and separated according to 
speed and power consumption into individual speci- 
fication groups. The finished cin:uits are marked and 
then readied for shipment. 
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ever, there are actually hundreds of individual opera- 
tions that must be performed correctly to complete a 
working circuit. It usually takes well over two months 
to complete all these operations and the many tests 
and measurements involved throughout the manu- 
facturing process. Many of these details are respon- 
sible for ensuring the performance, quality, and reli- 
ability you expect from Intel products. The following 
sections will discuss the technology underlying each 
of the major process elements mentioned in the ba- 
sic process flow. 


The photo or masking technology is the most impor- 
tant part of the manufacturing flow if for no other 


Flow 
Proc:eaa/Materjala 
Typical Item 
Frequency 
Criteria 


Wafer 
• 


Die saw. wafer break 


Die wash and plate 


Die visual inspection 
Passivation. 
metal 
100% oldie 


-<> 
OA gate 
Every lot 
0176, LTPO z 5% 


Die attach 
Wet out 
4 )(/operator/shift 
0/11 LTPOz20% 


(Process monitor) 


Post die attach visual 
100% of devices 


Wire bond 
Orientation, 
lead 
4 )( /operator/ 
(Process monitor) 
dressing. 
etc. 
machine/shift 


Post bond inspection 
100% devices 


-<> 
OAg"e 
All previous items 
every lot 
1/129, LTPO_3% 


Seal 3nd Mark 
Cap align, glass 
4 )(/furnace/shift 
0/15, LTPO_15% 


(Process monitor) 
integrity. 
moisture 


Tempcyele 
10x 
to mil std. 
1/11, LTPO=20% 


883 condo C 


Hermeticity 
check 
FIG leak 
100% devices 
(Proc ass monitor) 


Lead Trim 
Surrs, etc. (visual) 
4 x/station/shift 
0115, LTPO= 15% 


(Proc'9ss monitor) 
Fine leak 
2 x Istetionlshih 
1/129, LTPO-3% 


Extenal 
visual 
Solder voids, cap 
100% devices 
alignment. 
etc. 


1._ 
-0 
OAgllte 
All previous items 
All lots 
1/129, LTPOz3% 


Class test 
Run standards 
Every 48 hrs. 
(Procl~ss monitor) 
(good end reject) 
Calibrate 
every 
system using 
"autover" 
program 


2. 
_ 
Mark and Pack 


Final :lA 
(See anached) 


NOTES: 
1. Units for assembly 
reliability 
mcnitor. 


2. Units for product 
reliability 
monitor. 


reason than the number of times it is applied to each 
wafer. The manufacturing process gets more com- 
plex in order to make smaller and higher perform- 
ance circuits. As this happens tho number of mask- 
ing steps increases, the features get smaller, and 
the tolerance 
required become, 
tighter. This is 
largely because the minimum SilO of individual pat- 
tern elements determine the size of the whole cir- 
cuit, effecting its cost and limiting its potential com- 
plexity. Early MaS IC's used minimum geometries 
(lines or spaces) of 8-10 microns [1 micron = 10-6 
meter "" 1/25,000 inch). The n-channel processes 
of the mid 1970's brought this down to approximate- 
ly 5 microns, and today minimum geometries are 
less than 2 microns in production. This dramatic re- 
duction in feature size was achiev€'dusing the newer 
high resolution photo resists and optimizing their 
processing to match improved optical printing sys- 
tems. 


A second major factor in determining the size of the 
circuit is the registration or overlay error. This is how 
accurately one pattern can be aligned to a previous 
one. Design rules require that space be left in all 
directions according to the overlay error so that un- 
related patterns do not overlap or Interfere with one 
another. As the error space increases the circuit size 
increases dramatically. Only a few years ago stan- 
dard alignment tolerances were:?: ± 2 microns; now 
advanced Intel processes have reduced this dramat- 
ically due mostly to the use of ad'lanced projection 
and step and repeat exposure equipment. 


The wafer that is ready for patterning must go 
through many individual steps before that pattern is 
complete. First the wafer is baked to remove mois- 
ture from its surface and is then treated with chemi- 
cals that ensure good resist adhl3sion. The thick 
photoresist liquid is then applied and the wafer is 
spun flat to give a uniform coating, critical for high 
resolution. The wafer is baked at a low temperature 
to solidify the resist into gel. It is thel1exposed with a 
machine that aligns a mask with thEInew pattern on 
it to a previously defined layer. The photo-resist will 
replicate this pattern on the wafer. 


Negative working resists are polymerized by the light 
and the unexposed resist can be rinsed off with sol- 
vents. Positive working resists USE!photosensitive 
polymerization inhibitors that allow a chemically re- 
active developer to remove the exposed areas. The 
positive resists require much tighter control of expo- 
sure and development but yield higher resolution 
patterns than negative resistance s~'stems. 


The wafer is now ready to have its pattern etched. 
The etch procedure is specialized for each layer to 
be etched. Wet chemical etchants such as hydro- 
fluoric acid for silicon oxide or phosphoric acid for 
aluminum are often used for this. The need for 


smaller features and tighter control of etched dimen- 
sions is increasing the use of plasma etching in fab- 
rication. Here a reactor is run with a partial vacuum 
into which etchant gases are introduced and an 
electrical field is applied. This yields a reactive plas- 
ma which etches the required layer. 


The wafer is now ready for the next process step. Its 
single journey through the masking process required 
the careful engineering of mechanics, optics, organ. 
ic chemistry, inorganic chemistry, plasma chemistry, 
physics, and electronics. 


The picture of clean room garbed operators tending 
furnace tubes glowing cherry red is the one most 
often associated with IC fabrication. These furnace 
operations are referred to collectively as diffusion 
because they employ the principle of sold state diffu- 
sion of matter to accomplish their results. In MOS 
processing, there are three main types of diffusion 
operations: predeps, drives, and oxidations. 


Predeposition, or "predep," is an operation where a 
dopant is introduced into the furnace from a solid, 
liquid, or gaseous source and at the furnace temper- 
ature (usually 900·C-1200·C) a saturated solution is 
formed at the silicon surface. The temperature of the 
furnace, the dopant atom, and rate of introduction 
are all engineered to give a specific dose of the dop- 
ant on the wafer. Once this is completed the wafer is 
given a drive cycle where the dopant left at the sur- 
face by the predep is driven into the wafer by high 
temperatures. These are generally at different tem- 
peratures than the predeps and are designed to give 
the required junction depth and concentration pro- 
file. 


Oxidation, the third category, is used at many steps 
of the process as was shown in the process flow. 
The temperature and oxidizing ambient can range 
from 800·C to 1200·C and from pure oxygen to mix- 
tures of oxygen and other gases to steam depending 
on the type of oxide required. Gate oxides require 
high dielectric breakdown strength for thin layers 
(between 0.01 and 0.1 micron) and very tight control 
over thickness (typically ± 0.005 micron or less than 
± 1/5,000,000 inch), while isolation oxides need to 
be quite thick and because of this their dielectric 
breakdown strength per unit thickness is much less 
important. 


The properties of the diffused junctions and oxides 
are key to the performance and reliability of the fin- 
ished device so the diffusion operations must be ex- 
tremely well controlled for accuracy, consistency 
and purity. 


Intel's high performance product~ require such high 
accuracy and repeatability of dopant control that 
even the high degree of control provided by diffusion 
operations is inadequate. However, this limitation 
has been overcome by replacing critical predeps 
with ion implantation. In ion implantation, ionized 
dopant atoms are accelerated by an electric field 
and implanted directly into the wafer. The accelera- 
tion potential determines the depth to which the 
dopant is implanted. 


The charged ions can be countl3d electrically during 
implantation giving very tight control over dose. The 
ion implanters used to perform this are a combina- 
tion of high vacuum system, ion source, mass spec- 
trometer, linear accelerator, ultm high resolution cur- 
rent integrator, and ion beam SGanner.You can see 
that this important technique requires a host of so- 
phisticated technologies to support it. 


Thin film depositions make up most of the features 
on the completed circuit. They il1cludethe silicon ni- 
tride for defining isolation, poll'silicon for the gate 
and interconnections, the glass for interlayer dielec- 
tric, metal for interconnection and external connec- 
tions, and passivation layers. Thin film depositions 
are done by two main methods: physical deposition 
and chemical vapor deposition. Physical deposition 
is most common for deposition metal. Physical dep- 
ositions are performed in a vacuum and are accom- 
plished by vaporizing the metal with a high energy 
electron beam and redepositing it on the wafer or by 
sputtering it from a target to the wafer under an elec- 
tric field. 
. 


Chemical vapor deposition can be done at atmo- 
spheric pressure or under a moderate vacuum. This 
type of deposition is performed when chemical gas- 
es react at the wafer surface and deposit a solid film 


of the reaction product. These reactors, unlike their 
general industrial counterparts, must be controlled 
on a microscale to provide exact chemical and phys- 
ical properties for.thin films such as silicon dioxide, 
silicon nitride, and polysilicon. 


The fabrication of modern memory devices is a long, 
complex process where each step must be moni- 
tored, measured and verified. Developing a totally 
new manufacturing process for each new product or 
even product line takes a long time and involves sig- 
nificant risk. Because of this, Intel has developed 
process families, such as HMOS, on which a wide 
variety of devices can be made. These families are 
scalable so that circuits need not be totally rede- 
signed 
to 
meet 
your 
needs 
for 
higher 


performance.(1) They are evolutionary (HMOS I, 
HMOS II, HMOS III, CHMOS) so that development 
time of new processes and products can be reduced 
without compromising Intel's commitment to consist- 
ency, quality, and reliability. 


The manufacture of today's MOS memory devices 
requires a tremendous variety of technologies and 
manufacturing techniques, many more than could be 
mentioned here. Each requires a team of experts to 
design, optimize, control and maintain it. All these 
people and thousands of others involved in engi- 
neering, design, testing and production stand behind 
Intel's products. 


Because of these extensive' requirements, most 
manufacturers have not been able to realize their 
needs for custom circuits on high performance, high 
reliability processes. To address this Intel's exper- 
tise in this area is now available to industry through 
the silicon foundry. Intel supplies design rules and 
support to design and debug circuits. This includes 
access to Intel's n-well CHMOS technology. Users 
of the foundry can now benefit from advanced tech- 
nology without developing processes and IC manu- 
facturing capability themselves. 


1 R. Pashley, K. Kokkonen, E. Boleky, R. Jecmen, S. Liu, 


and W. Owen, "H-MOS Scales Traditional Devices to 
Higher Performance Level," Electronics, 
August 18,1977. 
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27C64/87C64 


64K (8K x 8) CHMOS PRODUCTION 
AND UV ERASABLE PROMS 
Automotive 
_ Extended Automotive Temperature 
_ Noise Immunity Features 


Range -40·C to + 125·C 
- 
± 10% Vcc Tolerance 


_ CHMOSMlcrocontroller 21nd 
- 
Maximum Latch-up Immunity 


Microprocessor Compatible 
Through EPI Processing 
- 
87C64-lntegrated Address Latch 
_ New Quick-Pulse Programming™ 
- 
Universal 28 Pin Memo,rySite, 2-lIne 
Algorithm (1 second programming) 
Control 
- 
Use with Plastic DIP and PLCC 
_ Low Power Consumption 
EPROMs 
-100 
J-tAMaximum Stan,ttbyCurrent 
_ Available in 28-Pln Cerdlp and Plastic 
_ High Performance Speeds 
DIP Pkg. and 32-Lead PLCC Pkg. 
- 
200 ns Maximum Acce:5sTime 
(SeePackagingSpec,Order #231369) 


Intel's 
27C64 and 87C64 CHMOS 
EPROMs 
are 64K bit 5V only memories 
organized 
as 8192 words of 8 bits. 
They employ 
advanced 
CHMOS·II-E 
circuitry 
for systems 
requiring 
low power, high performance 
speeds, 
and 
immunity 
to noise. The 87C64 
ha.s been optimized 
for multiplexed 
bus microcontroller 
and microprocessor 
compatibility 
while 
the 27C64 
hall a non-multiplexed 
addressing 
interface 
and is plug compatible 
with the 
standard 
Intel 2764A 
(HMOS 
II-E). 


The 27C64 and 87C64 are offered 
in both a ceramic 
DIP, Plastic DIP, and Plastic Leaded Chip Carrier (PLCC) 
Packages. 
Cerdip packages 
provide 
flexibility 
in prototyping 
and R&D environments, 
whereas 
Plastic DIP and 
PLCC EPROMs 
provide optimum 
(:ost effectiveness 
in production 
environments. 
A new Quick-Pulse 
Program- 
ming™ 
Algorithm 
is employed 
on Plastic 
DIP and PLCC devices 
which 
may speed 
up programming 
by as 
much 
as one hundred 
times. 
In the absence 
of Quick-Pulse 
compatible 
programming 
equipment 
and with 
Cerdip devices, 
the inteligent 
Pro~lramming 
Algorithm 
may be utilized. 


The 87C64 
incorporates 
an addn3ss 
latch 
on the address 
pins to minimize 
chip count 
in multiplexed 
bus 
systems. 
Designers 
can eliminate 
lhe address 
latch by tieing address and data pins of the 87C64 directy to the 
processor's 
multiplexed 
address/data 
pins. On the falling edge of the ALE input (ALE/CE), 
address 
informa- 
tion at the address 
inputs (Ao-A12) 
of the 87C64 is latched 
internally. 
The address 
inputs are then ignored 
as 
data information 
is passed 
on the same bus. 


The highest 
degree 
of protection 
against 
latch-up 
is achieved 
through 
Intel's 
unique 
EPI processing. 
Preven- 
tion of latch-up 
is provided 
for strElsses up to 100 mA on address 
and data pins from -1V to Vcc + 1V. 


In order to meet the rigorous 
environmental 
requirements 
of automotive 
applications, 
Intel offers the 27C64/ 
87C64 in extended 
Automotive 
temperature 
range. Operational 
characteristics 
are guaranteed 
over the range 
of - 40·C to + 125·C ambient. 


·HMOS 
and CHMOS 
are patented 
pro<:esses 
of Intel Corporation. 


OUTPUT ENABLE 
PROG LOGIC 


CHIP ENABLE 


"o-A12 
ADDRESS· 


INPUTS 


EhadedAreas 
representthe 87C64version 
Figure 
1. Block 
Diagram 


27256 
27128 
2732A 
27111 


Vpp 
Vpp 


A'2 
A'2 
A7 
A7 
A7 
A7 


As 
As 
As 
As 
As 
As 
As 
AS 
~ 
~ 
~ 
A. 
A3 
A3 
A3 
A3 


A2 
A2 
A2 
A2 


A, 
A, 
A, 
A, 


Ao 
Ao 
Ao 
Ao 


00 
00 
00 
00 


0, 
0, 
0, 
0, 


02 
02 
~ 
02 
Goo 
Goo 
Gnd 
Gnd 


Ar.-A•• 
ADDRESSES 


On-07 
OUTPUTS 
~ 
OUTPUT ENABLE 


CE 
CHIP ENABLE 


ALE/rnl' 
ADDRESS LATCH ENABLE 
ICHIP ENABLE 
J5m;1 
PROGRAM STROBE 


N.C. 
NO CONNECT 


D.U. 
DON'T USE 


27C64/87C64 
P27C64 


V,. 
'""•• • 
... 
'. 
"""40 
0. 
0, 
0, 


ON" 


2718 
2732A 
27128 
27256 


Vce 
Vce 
J5m;1 
A,. 


Vce 
Vce 
A13 
A13 


As 
As 
As 
As 


Ag 
Ag 
Ag 
Ag 


Vpp 
A" 
A" 
A" 


OE 
OElVpp 
OE 
OE 


Ala 
A,O 
A,o 
Ala 
CE 
CE 
CE 
CE 


07 
07 
07 
07 


0. 
0. 
0. 
0. 


Os 
Os 
Os 
Os 


0. 
0. 
0. 
0. 


0, 
03 
0, 
0, 


NOTE: 
Intel "Universal 
Site" 
Compatible 
E"ROM 
Pin Configurations 
are shown 
in the adjacent 
blocks 
to 27C64 
Pins. 


ShadedAreas 
representthe87C64version 
Figure 2. Pin Configuration 


N2~Ji'1~ 
aua 
A7 
A12 v" 
DO 
Va: 
PGII 
NC 


N27128A 'IKXI 
I 
I 
I 
I 
I 
PGII 
AU 


N21~" 
32. XI 
j 
I 
I 
I 
I 
AI' 
AU 
n 
....- ~ 


,/ 
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3 
2 
1 
32 
3. 
30 


All-- - 
5 
0 
29 
li-t- 
AB 


~f- 
- 
6 
28 
11-- At 


uf- 
- 
7 
21 
11- - 
A" 


A3 I-- - 
8 
32 PIN PLCC 
26 
11-- Ne 


A2f- - 
9 
0.450" 
X 0.550" 
25 
11- - 
DE 
(11.430 
X 13.970) 


AI - - 
10 
(MILLIMETERS) 
24 
11-- 
1 


TOP VIEW 
JlJ1;i 
40- - 
11 
23 


NC- 
- 
12 
22 
li-t- 
07 


00 - - 
13 
21 
11-r-- 01 


14 
15 
16 
11 
18 
19 
20 
UUI 
II 
" 
II JU 
I 
I 
I 
r 
I I 
r 
I 
I 
I 
I 
I 
I 
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01 
02 
OND 
DO 
03 
O. 
05 


Figure 3. PLCC(N) Lead Configuration 
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Extended Temperature 
(Express) 
EPROMs 


The Intel EXPRESS EPROM family is a series of 
electrically programmable read only memories which 
have received additional proceHsing to enhance 
product 
characteristics. 
EXPRESS processing is 
available for several densities of EPROM, allowing 
the choice of appropriate memory size to match sys- 
tem applications. 


EXPRESS EPROM products are available with 168 
± 8 hour, 125°C dynamic burn-in using Intel's stan- 
dard bias configuration. This process exceeds or 
meets most industry specifications of burn-in. The 
standard EXPRESS EPROM operating temperature 
range is O°Cto 70°C. Extended operating tempera- 
ture range (- 40°C to + 85°C) EXPRESS products 
are available along with automotive temperature 
range (- 40°C to + 125°C) produc:ts. 


28 :J vcc 


27 :J PGM 


26 :J N/C 


25 :J As 


24 J A9 


23 J All 


22 JOE 


21 J AlO 


~~ JiCE: ALE~; 


18 
R 
06 


17 
R 
Os 


16 
R 
04 
15 
03 


DE = + SV 
A = 1 Kn 
vpp= +sv 
vss~ GND 
P(Th1 = +sv 


290119-4 
Vcc = +5V 


~ 
~ 
33.3 KHz 


AUTOMOTIVE 
AND EXPRESS 
EPROM 
PRODUCT 
FAMILY 


Type 
Operating 
Burn-In 125°C(hr) 
Temperature eC) 


a 
o to +70 
168 ±8 


T 
-40 to +85 
NONE 
L 
-40 to +85 
168 ±8 


A 
-40 to + 125 
NONE 


B 
-40 to + 125 
168 ±8 


AUTOMOTIVE 
AND EXPRESS 
OPTIONS 


Packaging Options 
Speed 
Cerdlp 
PLCC 
Plastic 
Versions 
DIP 
-1 
T, L,a 
T 
T 
-15 
T,L,a 
T 
T 
-2 
T, L,a,A, 
B 
T,A 
T,A 
-20 
T, L,a, A, B 
T 
T 
-STD 
T, L,a, A, B 
T,A 
T,A 
-25 
T, L,a, A, B 
T' 
T 
-3 
T, L,a, A, B 
T,A 
T,A 
-30 
T, L,a, A, B 
T 
T 


30 }'s 
,H, 
, 
Aoru-u 


A1JL..I 
.. 


A12 


Burn-In Bias and Timing Diagrams 
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Operating 
Temperature 
During Read 
-40·C 
to + 125·C 


Temperature 
Under Bias 
- 40·C to + 125·C 
Storage Temperature 
-65·C 
to + 150·C 


Voltage 
on Any Pin with 
Respect 
to Ground 
-2.0V 
to 7V(1) 


Voltage 
on Pin Ag with 
Respect to Ground 
- 2.0V to + 13.5V(1) 


Vpp Supply Voltage 
with Respect 
to Ground 


During Programming 
- 2.0V to + 14V(1) 


Vcc 
Supply Voltage 
with 


Respect 
to Ground 
-2.0V 
to + 7.0V(1) 


Maximum 
Thermal 
Resistance 
Junction 
to Ambient 
(8JA): Cerdip 
46·C/W 


Plastic 
69·C/W 


PLCC 
64·C/W 


•Notice: Stresses above those listed under "Abso- 
lute Maximum Ratings" may cause permanent dam- 
age to the device. This is a stress rating only and 
functional operation of the device at these or any 
other conditions above those indicated in the opera- 
tional sections of this specification is not implied Ex- 
posure to absolute maximum rating conditions for 
extended periods may affect device reliability. 


Symbol 
Paramett!r 
Notes 
Min 
Typ(2) 
Max 
Unit 
Test Condition 


III 
Input Leakage Current 
0.01 
±1.0 
p.A 
VIN = OV, 5.5V 


ILO 
Output Leakage Curre nt 
0.01 
±10 
p.A 
VOUT = OV, 5.5V 


IpPl 
Vpp Current Read 
5 
100 
p.A 
Vpp = Vcc 


158 
Vcc Current Standby 
CMOS 
4 
100 
p.A 
CE = VIH 


with Inputs- 
TIL 
3 
1.0 
mA 


ICCl 
Vcc Current Active (mA) 
TIL 
20,30 
mA 
OE = CE = VIL 


Vcc Current Active at 
TIL 
20,30 
mA 
OE = CE = VIL 


High Temperature 
Vpp = Vcc, 
Tambient = 
125·C 


VIL 
Input Low Voltage 
-0.5 
0.8 


. 
(± 10% Supply) (TIL) 
V 
Vpp = Vcc 
Input Low Voltage 
-0.2 
0.2 
(CMOS) 


VIH 
Input High Voltage 
2.0 
Vcc+0.5 
(± 10% Supply) (TIL) 


V 
Vpp = VCC 
Input High Voltage 
Vcc-0.2 
Vcc+0.2 
(CMOS) 


VOL 
Output 
Low Voltage 
0.45 
V 
10L=2.1 
mA 


VOH 
Output High Voltage 
3.5 
V 
10H= -2.5 
mA 


105 
Output Short Circuit Current 
6 
100 
mA 


Vpp 
Vpp Read Voltage 
7 
Vcc-0.7 
Vcc 
V 


NOTES: 
1. Minimum D.C. input voltage is -0.5V. 
During transitions, 
the inputs may undershoot to - 2.0\1for periods less than 
20 
ns. 
Maximum 
D.C. 
Voltage 
on 
output 
pins 
is 


Vcc + 0.5V which may overshoot to Vcc + 2V for periods 
less than 20 ns. 
2. Typical limits are at VCC = 5V, TJ\ = +25"C. 
3. 20 mA for STD and - 3 version;; 30 mA for - 2 and 
150 ns versions. 
VIL, VIH levels at TIL inputs. 


4. ALE/CE or CE is Vce ± 0.2V. All other inputs can have 
any value within spec. 
5. Maximum Active power usage is the sum Ipp + Ice. The 
maximum current value is with Outputs 00 to 07 unloaded. 
6. Output shorted for no more than one second. No more 
than one output shorted at a time. los is sampled but not 
100% tested. 
7. Vpp may be one diode voltage drop below Vce. It may 
be connected directly to Vcc. 
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27C64-2 
27C64 
27C64-3 


VI:C ±5% 
N27C64-2 
N27C64 
N27C64-3 


Versions 
(3) 
P27C64-2 
P27C64 
P27C64-3 
Unit 
V1:c ±10% 
27C64-20 
27C64-25 
27C64-30 


Symbol 
Characteristic 
Mln 
Max 
Mln 
Max 
Mln 
Max 


tACC 
Address 
to Output 
Delay 
200 
250 
300 
ns 


teE 
CE to Output 
Delay 
200 
250 
300 
ns 


toE 
OE to Output 
Delay 
75 
100 
120 
ns 


tDF(2) 
OE High to Output 
High 2 
55 
60 
105 
ns 


toH(2) 
Output 
Hold from Addres"es, 
CE 
0 
0 
0 
ns 


or OE Change-Whichever 
is First 


NOTES: 
1. A.C. characteristics 
tested 
at VIH = 2.4V and 
VIL = 0.45V. 
Timing 
measurements 
made at VOL = 0.8Vand 
VOH = 2.0V. 


2. Guaranteed 
and sampled. 


3. Part Number 
Prefixes: 
No prefix = Cerdip; 
P = 
Plastic 
DIP; N = PlCC. 


A.C. CONDITIONS 
OF TEST 
Input Rise and Fall Times (10% to 90%) 
10 ns 


Input Pulse Levels 
0.45V to 2.4V 


Input Timing Reference 
Level 
O.BV and 2.0V 


Output Timing Reference 
Level 
O.BV and 2.4V 


NOTES: 
1. Typical 
values 
are for TA = 25°C and nominal 
supply voltages. 


2. This parameter 
is only sampled 
and is not 100% 
tested. 
3. OE may be delayed 
up to teE-tOE 
after the falling 
edge of CE without 
impact 
on teE. 
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Vcc 
±5% 
87C64-2 
87C64 
87C64·3 


Versions 
(3) 
N87C64-2 
N87C64 
N87C64-3 
Unit 


Vcc 
±10% 
87C64-20 
87C64·25 
87C64-30 


Symbol 
Paramllter 
Mln 
Max 
Mln 
Max 
Mln 
Max 


tll 
Chip Deselect 
Width 
50 
60 
75 
ns 


tAL 
Address 
to CE-Latch 
Set-up 
20 
25 
30 
ns 


tLA 
Address 
Hold from C ::-LA TCH 
45 
50 
60 
ns 


tACl 
CE-Latch 
Access 
Time 
200 
250 
300 
ns 


toE 
Output 
Enable to Output Valid 
75 
100 
120 
ns 


leOE 
ALE/CE 
to Output 
Enable 
45 
50 
60 
ns 


tCHZ(2) 
Chip Deselect 
to Output in High Z 
50 
60 
75 
ns 


toHZ(2) 
Output 
Disable to Output 
in High Z 
50 
60 
75 
ns 


NOTES: 
1. A.C. characteristics 
tested 
at VIH ~~ 2.4V and Vll 
= 0.45V. 
Timing 
measurements 
made at VOL = O.SV and VOH = 2.0V. 


2. Guaranteed 
and sampled. 


3. Model 
Number 
Prefixes: 
No prefix = Cerdip; 
P = Plastic 
DIP; N = PLCC. 


OE 
I_CO_,=cIO' 
F_' 


oHZ 


Symbol 
Parameter 
Max 
Unit 
Conditions 


CIN 
Address/Control 
Capacitance 
6 
pF 
VIN = OV 


COUT 
Output Capacitance 
12 
pF 
VOUT = OV 


NOTE: 
1. Sampled. 
Not 100% 
tested. 


2'.==>(2.0---.. 
_><:: 
0•• sO.8 
__ 
TESTPOINTS-_ 


290119-8 


..!.-f!- 
L,. 'N •• O 


3.3Kn 


DEVICE 
UNDER 
OUT 


TEST 
JC,-l00pf 


290119-9 


CL = 100 pF 
CL IncludesJig Capacitance 


A.C. Testing: Inputs are driven at 2.4V for 3 logic "1"and 0.45V 
for a logic "0". Timing measurementsar" made at 2.0V for a 
logic "1" and O.BVfor a logic "0". 
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The 
modes 
of operation 
of the' 27C64/87C64 are 
listed 
in Table 
1. A single 
5V power 
supply 
is re- 
quired 
in the read mode. 
All inputs 
are TIL 
levels 
except for Vpp and 12V on A9 for inteligent 
Identifier 
mode. 


Pins 
AL.E/CE 
OE 
PGM 
Ag 
Ao 
Vpp 
Vcc 
Outputs 
Mode 
CE 
(7) 


Read 
VIL 
VIL 
VIH 
X(1) 
X 
VCC 
5.0V 
DOUT 


Output Disable 
VIL 
VIH 
VIH 
X 
X 
VCC 
5.0V 
HighZ 


Standby 
VIH 
X 
X 
X 
X 
Vcc 
5.0V 
HighZ 


Programming 
VIL 
VIH 
VIL 
X 
X 
(4) 
(4) 
DIN 


Program Verify 
VIL 
VIL 
VIH 
X 
X 
(4) 
(4) 
DOUT 


Program Inhibit 
VIH 
X 
X 
X 
X 
(4) 
(4) 
HIGHZ 


inte'igent 
Identifier(3) 
VIL 
VIL 
VIH 
VH(2) 
VIL 
Vcc 
Vcc 
89 H (6) 
-Manufacturer 
88H 
(6) 


inte'igent 
Identifier(3) 
VIL 
VIL 
VIH 
VH(2) 
VIH 
Vcc 
Vcc 
07 H 
-27C64 


inteligent 
IdentifierC3, 5) 
VIL 
VIL 
VIH 
VH(2) 
VIH 
Vcc 
Vcc 
37H 
-87C64 


NOTES: 
1. X can be VIL or VIH. 
2. VH = 12.0V ± O.5V. 
3. A1-Aa, A1o-12 = VIL. 
4_See Table 2 for Vcc and Vpp voltages. 
5. ALE/CE has to be toggled in order to latch in the addresses and read the signature codes. 
6. The Manufacturer's identifier reads 89H for Cerdip devices; 88H for Plastic DIP and PLCC devices. 
7. In Read Mode tie PGM to Vcc- 


The 27C64 
has two control 
functions, 
both of which 
must be logically 
active in order tll obtain data at the 
outputs. 
Chip Enable 
(CE) is the power 
control 
and 
should 
be used for device 
selection. 
Output 
enable 
(DE) 
is the 
output 
control 
and 
:>hould be used 
to 
gate 
data from 
the output 
pins. 
Assuming 
that ad- 
dresses 
are stable, 
the address 
access 
time (tACel 
is equal to the delay from CE to output (tCE). Data is 
available 
at the outputs 
after a del~f 
tOE from the 
falling 
edge of DE, assuming 
tha-: CE has been low 
and 
addresses 
have 
been 
stable 
for 
at 
least 
tACC-tOE' 


The 87C64 
was designed 
to reduce 
the 
hardware 
interface 
requirements 
when incorporated 
in proces- 
sor systems 
with multiplexed 
address-data 
busses. 


Chip count 
(and therefore 
power 
and board 
space) 
can be minimized 
when 
the 87C64 
is designed 
as 
shown 
in Figure 4. The processor's 
multiplexed 
bus 
(ADo-7) is tied to both address 
and data pins of the 
87C64. All address 
inputs of the 87C64 
are latched 
when 
ALE/CE 
is brought 
low, thus 
eliminating 
the 
need for a separate 
address 
latch. 


The 87C64 internal address latch is directly enabled 
through the use of the ALE/CE Ii~e.As the transition 
occurs on the ALE/CE from the TIL high to the low 
state, the last address presented at the address pins 
is retained. Data is then enabled onto the bus from 
the EPROM via the OE pin. 


XTAL2 


BOC31 
P2 


P, 
ALE 


EA 
PSEN 


P3 ¢t¢ 


ALE/CE 


DE 


Figure 4. 80C31 with 87C64 
System 
Configur;iltion 


The 27C64 and 87C64 have Standby modes which 
reduce the maximum Vee current to 100 p.A. Both 
are placed in the Standby mode when CE or 
ALE/CE are in the CMOS-high state. When in the 
Standby mode, the outputs are in a high impedance 
state, independent of the OE input. 


Because EPROMs are usually u8ed in larger memo- 
ry arrays, Intel has provided 2 control lines which 
accommodate this multiple memory connection. The 
two control lines allow for: 
a) the lowest possible memory power dissipation, 
and 
b) complete assurance that output bus contention 


will not occur. 
. 


To use these two control lines most efficiently, CE 
(or ALE/CE) should be decodecl and used as the 
primary device selecting function, while OE should 
be made a common connection to all devices in the 
array and connected to the REAl) line from the sys- 
tem control bus. This assures that all deselected 
memory devices are in their low power standby 
mode and that the output pins are active only when 
data is desired from a particular memory device. 


The power switching characteristics of EPROMs re- 
quire careful decoupling of the devices. The supply 
current, Ice, has three segments that are of interest 
to the system designer-the 
standby current level, 


the active current level, and the transient current 
peaks that are produced by the falling and rising 
edges of Chip Enable. The magnitude of these tran- 
sient and inductive current peaks is dependent on 
the output capacitive and inductive loading of the 
device. The associated transient voltage peaks can 
be suppressed by complying with Intel's Two-Line 
Control, and by properly selected decoupling capaci- 
tors. It is recommended that a 0.1 p.F ceramic ca- 
pacitor be used on every device between Vee and 
GND. This should be a high frequency capacitor for 
low inherent inductance and should be placed as 
close to the device as possible. In addition, a 4.7 p.F 
bulk electrolytic capacitor should be used between 
Vee and GND for every eight devices. The bulk ca- 
pacitor should be located near where the power sup- 
ply is connected to the array. The purpose of the 
bulk capacitor is to overcom'e the voltage droop 
caused by the inductive effect of PC board-traces. 


Caution: Exceeding 14Von 
Vpp will permanently 


damage the device. 


Initially, and after each erasure, all bits of the 
EPROM are in the "1" state. Data is introduced by 
selectively programming "Os" into the desired bit lo- 
cations. Although only "Os" will be programmed, 
both "1s" and "Os" can be present in the data word. 
The only way to change a "0" to a "1" is by ultravio- 
let light erasure. 


The device is in the programming mode when Vpp is 
raised to its programming voltage (See Table 2) and 
CE (or ALE/CE) and PGM are both at TIL low and 
OE = VIH.The data to be programmed is applied 8 
bits in parallel to the data output pins. The levels 
required for the address and data inputs are TIL. 


Program 
Inhibit 


Programming of multiple EPROMS in parallel with 
different data is easily accomplished by using the 
Program Inhibit mode. A high-level CE (or ALE/CE) 
or PGM input inhibits the other devices from being 
programmed. 
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Except for CE (or ALE/CE), all like inputs (including 
OE) of the parallel EPROMs may be common. A TTL 
low-level pulse applied to the P<3Minput with Vpp at 
its programming voltage and CE (or ALE/CE) = VIL 
will program the selected devico. 


Program Verify 


A verify (read) should be pertormed on the pro- 
grammed bits to determine that they have been cor- 
rectlu.rogramme~The 
verify i~~erformed with OE 


and CE (or ALE/CE) at VIL, PGM at VIH, and Vcc 
and Vpp at their programming voltages. Data should 
be verified a minimum of toE aftor the falling edge of 
OE. 


inteligent 
Identifier™ 
Mode 


The inteligent Identifier Mode all:>wsthe reading out 
of a binary code from an EPROM that will identify its 
manufacturer and type. This mode is intended for 
use by programming equipment for the purpose of 
automatically 
matching 
the 
device 
to 
be 
pro- 
grammed with its corresponding programming algo- 
rithm. This mode is functional in the 25°C ± 5°C am- 
bient temperature range that is required when pro- 
gramming the device. 


To activate this mode, the programming equipment 
must force 11.5V to 12.5V on address line A9 of the 
EPROM. Two identifier bytes may then be se- 
quenced from the device oUtpLts by toggling ad- 
dress line AOfrom VILto VIH.All other address lines 
must be held at VIL during the inteligent Identifier 
Mode. 


Byte 0 (AO = VIU represents the manufacturer code 
and byte 1 (AO = VIH) the dev ce identifier code. 
These two identifier bytes are given in Table 1. 
ALE/CE of the 87C64 has to be toggled in order to 
latch in the addresses and rE'ad the Signature 
Codes. 


INTEL EPROM 
PROGRAMMING 
SUPPORT 
TOOLS 


Intel offers a full line of EPROM Programmers pro- 
viding state-of-the-art programming for Intel pro- 
grammable devices. The modular architecture of 
Intel's EPROM programmers allows you to add new 
support as it becomes available, with very low cost 
add-ons. For example, even the earliest users of the 
iUP-FAST 27/K 
module may take advantage of 


Intel's new Quick-Pulse Programming Algorithm, the 
fastest in the industry. 


Intel EPROM programmers may bE!controlled from a 
host computer using Intel's PROM Programming 


software (iPPS). iPPS makes programming easy for 
a growing list of industry standard hosts, including 
the IBM PC, XT, AT, and PCDOS compatibles, Intel- 
lee Development Systems. Intel's iPDS Personal De- 
velopment System, and the Intel Network Develop- 
ment System (iNOS-II). Stand-alone operation is 
also available, including device previewing, editing, 
programming, and download of programming data 
from any source over an RS232C port. 


For further details consult the EPROM Programming 
section of the Development Systems Handbook. 


ERASURE 
CHARACTERISTICS 
(FOR 
CERDIP 
EPROMS) 


The erasure characteristics are such that erasure 
begins to occur upon exposure to light with wave- 
lengths shorter than approximately 4000 Angstroms 
(A). It should be noted that sunlight and certain 
types of fluorescent lamps have wavelengths in the 
3000-4000A range. Data shows that constant expo- 
sure to room level fluorescent lighting could erase 
the EPROM in approximately 3 years, while it would 
take approximately 1 week to cause erasure when 
exposed to direct sunlight. If the device is to be ex- 
posed to these types of lighting conditions for ex- 
tended periods of time, opaque labels should be 
placed over the window to prevent unintentional era- 
sure. 


The recommended erasure procedure is exposure 
to shortwave ultraviolet light which has a wavelength 
of 2537 Angstroms (A). The integrated dose (I.e.,UV 
intensity X exposure time) for erasure should be a 
minimum of 15 Wsec/cm2. 
The erasure time with 


this dosage is approximately 15 to 20 minutes using 
an ultraviolet lamp with a 12000 p.W/cm2 power rat- 
ing. The EPROM should be placed within 1 inch of 
the lamp tubes during erasure. The maximum inte- 
grated dose an EPROM can be exposed to without 
damage is 7258 Wsec/cm2 (1 week @ 12000 p.W/ 
cm2). Exposure of the device to high intensity UV 
light for longer periods may cause permanent dam- 
age. 


Special EPI processing techniques have enabled In- 
tel to build CHMOS with features adding to system 
reliability. These include input/output protection to 
latch-up. Each of the data and address pins will not 
latch-up with currents up to 100 mA and voltages 
from -1V 
to Vcc + 1V. 


Additionally, the Vpp (programming) pin is designed 
to resist latch-up to the 14V maximum device limit. 
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eJ¥=l 


ADDRESS = fiRST 
LOCATION 


Quick-Pulse 
Programmin,g™ 
Algorithm 


(for Plastic DIP and PLCC: EPROMs) 


Intel's 
Plastic 
DIP and PLCC EPHOMs 
can now be 


programmed 
using the Quick-Pulse 
Programming 
Al- 


gorithm, 
developed 
by Intel to substantially 
reduce 


the throughput 
time in the' production 
environment. 


This 
algorithm 
allows 
these 
dElvices 
to 
be 
pro- 


grammed 
in under 
one 
second, 
almost 
a hundred 


fold 
improvement 
over 
previous 
algorithms. 
Actual 


programming 
time 
is a function:>f 
the 
PROM 
pro- 


grammer 
being used. 


The Quick-Pulse 
Programming 
AI ~orithm uses initial 


pulses of 100 microseconds 
followed 
by a byte veri- 


fication 
to determine 
when 
the 
address 
byte 
has 


been 
successfully 
programmed. 
Up to 25 
100 
/Ls 


pulses 
per byte are provided 
before 
a failure 
is rec- 


ognized. 
A flowchart 
of the 
Quick-Pulse 
Program- 


ming Algorithm 
is shown 
in Figure 5. 


For the Quick Pulse Programming 
Algorithm, 
the en- 


tire sequence 
of programming 
pulses and byte verifi- 


cations 
is performed 
at Vcc 
= 6.25V 
and Vpp at 


12.75V. 
When 
programming 
of 
the 
EPROM 
has 


been 
completed, 
all bytes 
should 
be compared 
to 


the original 
data with Vcc = Vpp = 5.0V. 


In addition 
to the 
Quick-Pulse 
Programming 
Algo- 


rithm, 
PLCC EPROMs 
are also compatible 
with 
In- 


tel's inteligent 
Programming 
Algorithm. 


inteligent 
Programming™ 
Algorithm 


The inteligent Programming Algo'ithm has been a 
standard in the industry for the past few years. A 
flowchart of the inteligent Programming Algorithm is 
shown in Figure 6. 


The inteligent Programming Algorithm utilizes two 
different pulse types: initial and overprogram. The 
duration of the initial pulse(s) is one millisecond, 
which will then be followed by a larger overprogram 
pulse of length 3X msec. X is an iteration counter 


and is equal to the number of the initial one millisec- 
ond pulses applied to a particular location, before a 
correct verify occurs. Up to 25 one-millisecond puls- 
es per byte are provided for before the overprogram 
pulse is applied. 


The entire sequence of program pulses and byte 
verifications Is performed at Vcc = 6.0Vand 
Vpp = 12.SV. When the inteligent Programming cy- 
cle has been completed, all bytes should be com- 
pared to the original data with Vcc = Vpp = 5.0V. 


D.C. PROGRAMMING 
C~IARACTERISTICS (27C64/87C64) 
TA = 25°C ± 5°C 


Table 2 


Symbol 
Parameter 
Limits 
Test Conditions 


Mln 
Max 
Unit 
(Note 1) 


III 
Input Current (Alii nputs) 
1.0 
JJ-A 
VIN = VIL or VIH 


VIL 
Input Low Level (All Inputs) 
-0.1 
0.8 
V 


VIH 
Input High Level 
2.0 
Vee + 0.5 
V 


VOL 
Output Low Voltage During Verify 
0.45 
V 
IOL = 2.1 mA 


VOH 
Output High Voltaue During Verify 
3.5 
V 
IOH = -2.5 
mA 


lee2(4) 
Vee Supply Current 
30 
mA 


IpP2(4) 
Vpp Supply Curr'ent (Program) 
30 
mA 
CE = VIL 


VIO 
Ag inteligent Identifier Voltage 
11.5 
12.5 
V 


Vpp 
inteligent Program nningAlgorithm 
12.0 
13.0 
V 


Quick-Pulse Programming Algorithm 
12.5 
13.0 
V 


Vee 
inteligent Programming Algorithm 
5.75 
6.25 
V 


Quick-Pulse Programming Algorithm 
6.0 
6.5 
V 


A.C. PROGRAMMING 
CHiARACTERISTICS 
27C64 
TA = 25°C 
±5°C, 
See Table 2 f:>r Vee and Vpp Voltages 


Symbol 
Paraml~ter 
Limits 
Conditions 


Min 
Typ 
Max 
Unit 
(Note 1) 


tAS 
Address Setup Time 
2 
JJ-s 


tOES 
OE Setup Time 
2 
JJ-s 


tos 
Data Setup Time 
2 
JJ-s 


tAH 
Address Hold Tirre 
0 
JJ-s 


tOH 
Data Hold Time 
2 
JJ-s 


tOFP 
OE High to Output Float Delay 
0 
130 
ns 
(Note 3) 


tyPS 
Vpp Setup Time 
2 
JJ-s 


tYes 
Vee Setup Time 
2 
JJ-s 


teES 
CE Setup Time 
2 
JJ-s 


tpw 
PGM Initial Progrs.m 
95 
100 
105 
JJ-s 
Quick-Pulse 


Pulse Width 
0.95 
1.0 
1.05 
ms 
inteligent 


topw 
PGM Overprograrn Pulse Width 
2.85 
78.75 
ms 
(Note 2) 


toE 
Data Valid from OE 
150 
ns 


NOTES: 
1. Vcc must be applied simultaneousll' or before Vpp and removed simultaneously or after Vpp. 
2. The length of the overprogram pul"e (inteligent Programming Algorithm) may vary from 2.85 msec to 78.75 msec as a 
function of the iteration counter value X. 
3. This parameter is only sampled and is not 100% tested. Output Float is defined as the point where data is no longer 
driven-see 
timing diagram. 


4. The maximum current value is with outputs 00 to 07 Unloaded. 
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NOTES: 
1. The Input Timing 
Reference 
Level 
is O.8V for VIL and 2V for a VIH. 
2. tOE and tDFP are characteristics 
of the device 
but must be accommodated 
by the programmer. 
3. When 
programming 
the 
27C64, 
a 0.1 p.F capacitor 
is required 
across 
Vpp and 
ground 
to suppress 
spurious 
voltage 
transients 
which 
can damage 
the device. 
4. 12.75V 
Vpp/6.25V 
Vcc 
for Quick-Pulse 
Programming 
Algorithm; 
12.5V 
Vpp/6.0V 
VCC for inteligent 
Programming 
Algo- 
rithm. 


A.C. PROGRAMMING 
CHARACTERISTICS 
87C64 
TA = 2S"C ± S"C, See Table 2 for Vcc 
and Vpp Voltages. 


Symbol 
Parameter 
limits 
Unit 
Conditions 
Min 
Typ 
Max 


tvps 
Vpp Setup Timl~ 
2 
/JoS 


tvcs 
Vcc Setup Tim3 
2 
/Jos 


tLL 
Chip Deselect 
Width 
2 
/Jos 


tAL 
Address 
to Chip Select Setup 
1 
/JoS 


tLA 
Address 
Hold from Chip Select 
1 
/Jos 


tpw 
PGM Initial 
0.95 
1.0 
1.05 
ms 
inteligent 


Pulse Width 
95 
100 
105 
/Jos 
Quick-Pulse 


topw 
PGM Overprog 'am Pulse Width 
2.85 
78.75 
ms 
inteligent 


tos 
Data Setup Time 
2 
/Jos 


tOFP 
OE High to Data Float 
0 
130 
ns 


toES 
Output Enable Setup Time 
2 
/JoS 


tOE 
Data Valid from Output Enable 
150 
ns 


tOH 
Data Hold Time 
2 
/Jos 


tCES 
CE Setup Time 
2 
/JoS 


NOTE: 
1. Programming 
tolerances 
and test conditions 
are the same as 27C64. 


NOTE: 
1. 12.75V 
Vpp & 6.25V 
Vcc 
for Qu ck·Pulse 
Programming 
Algorithm; 
12.5V 
Vpp & 6.0V 
Vcc 
for 
inteligent 
Programming 
Algorithm. 


inter 
27C128 
128K (16K x 8) CHMOS PRODUCTION AND 
UV ERASABLE PROMs 
Automotive 


• 
Extended 
Automotive 
Temperature 
Range 
-40·C to + 125·C 


• 
CHMOS 
Mlcrocontroller 
llnd 
Microprocessor 
Compatible 


• 
Low Power Consumption 
- 
100 p,A Maximum 
Standby 
Current 


• 
Maximum 
Latch-Up 
Immunity 
Through 
EPI Processing 
- 
± 1V Input Protection 
-14V 
Vpp Protection 


• 
High Performance 
- 
200 ns Access Time 


• 
Quick-Pulse 
Programming™ 
Algorithm 
Allows Rapid, Automated 
Programming 
- 
2 Second 
Throughput 


• 
Available 
In 28-Pln Cerdip and Plastic 
DIP and 32-Lead 
PLCC Packages 
(See 
Packaging 
Spec. 
Order 
# 231369) 


Intel's 27C128 
CHMOS 
EPROM iH a 128K bit 5V-only memory, 
organized 
as 16,384 words of 8 bits each. The 
27C128 
is ideal for systems requir ng low power, high performance, 
and noise immunity 
due to its CHMOS*II-E 
processing, 
and it is pin compatible 
with the standard 
Intel 27128A 
and 271288. 


The 27C128 
is offered 
in Ceramic 
DIP, Plastic DIP, and Plastic Leaded Chip Carrier (PLCC) Packages. 
Cerdip 
packages 
provide 
flexibility 
in prototyping 
and R & D environments 
while the Plastic DIP and PLCC packages 
are 
most 
cost 
effective 
in prodUt;tion 
environments. 
The Quick-Pulse 
Programming™ 
Algorithm 
improves 
programming 
speed by as much a:>one hundred times over older algorithms, 
further 
reducing 
costs for system 
manufacturers. 


Intel's 
unique 
EPI processing 
provides 
excellent 
latch-up 
immunity. 
Prevention 
of latch-up 
is guaranteed 
for 
stresses 
up to 100 mA on addres~, and data pins from -W to Vcc + 1V and for Vpp voltage 
overshoot 
up to 
14V. 


In order to meet the rigorous 
environmental 
requirements 
of automotive 
applications, 
Intel offers the 27C128 
in extended 
Automotive 
temperature 
range. 
Operational 
characteristics 
are guaranteed 
over 
the 
range 
of 


- 40·C to + 125·C ambient. 


Ao-All 
ADDRESB 
INPUTB 
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27C256 
27C64 
2732A 


Vpp 
Vpp 


A12 
A12 


A7 
A7 
A7 


Af; 
Af; 
Af; 


As 
AS 
AS 


A., 
A4 
A4 


A3 
A3 
A3 


A2 
A2 
A2 


A1 
A1 
A1 


Ao 
Ao 
Ao 


00 
00 
00 


01 
01 
0, 


02 
02 
02 


Gnd 
Gnd 
Gnd 


Ao-A13 
ADDRESSES 


CE 
CHIP ENABLE 


OE 
OUTPUT 
ENABLE 


00-07 
OUTPUTS 
roM 
PROGRAM 


N.C. 
No Internal 
Connect 


D.U. 
Don't 
Use 


Vpp 
1 


A12 


A7 
A. 
• 
A. 
A. 
A, 


A2 


A, 


Ao 


00 
0, 


O2 


ONO 


2732A 
27C64 
27C256 


Vcc 
Vcc 


roM 
A14 


Vcc 
N.C. 
A13 


As 
As 
As 


As 
As 
As 


A11 
All 
A11 


OElVpp 
OE 
rn: 


AlO 
A10 
A10 


CE 
CE 
CE 


07 
07 
07 


06 
06 
06 


Os 
Os 
Os 


04 
04 
04 


03 
~ 
03 


NOTE: 
Intel "Universal 
Site"·Compatible 
E"ROM Pin Configurations 
are Shown 
in the Blocks 
Adjacent 
to the 27C128 
Pins. 


Figure 2. Cerdlp(D)/Plastlc(P) 
DIP Pin Configurations 
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Extended 
Temperature 
(I;xpress) 
EPROMs 


The Intel EXPRESS EPROM family is a series of 
electrically programmable read only memories which 
have received additional processing to enhance 
product characteristics. 
EXPRESS processing is 
available for several densities of EPROM, allowing 
the choice of appropriate memory size to match sys- 
tem applications. 


EXPRESS EPROM products are available with 168 
± 8 hour, 125°C dynamic burn-in using Intel's stan- 
dard bias configuration. This process exceeds or 
meets most industry specifications of burn-in. The 
standard EXPRESS EPROM opElratingtemperature 
range is O°Cto 70°C. Extended operating tempera- 
ture range (- 40°C to + 85°C) EXPRESS products 
are available along with automotive temperature 
range (- 40°C to + 125°C) products. 


Type 
Operating 
Burn-In 125°C (hr) 
Temperature 
("C) 


a 
o to +70 
168 ±8 
T 
-40 to +85 
NONE 
L 
-40 to +85 
168 ±8 
A 
-40 to + 125 
NONE 
B 
-40 to + 125 
168 ±8 


AUTOMOTIVE 
AND EXPRESS 
OPTIONS 


Packaging 
Options 


Speed 
Cerdlp 
PLCC 
Plastic 
Versions 
DIP 


-150V05 
T, L,a 
-170V05 
T, L,a 
T 
T 
-200V05 
T,L,a,A 
T,A 
T,A 
-250V05 
T,L,a,A 
T,A 
T,A 


D.C. CHARACTERISTICS 
Electrical Parameters of EXPRESS EPROM products are identical to standard EPROM parameters 


290140-4 
OE ~ +5V 
R = 1 KO 
vcc: = +5V 
vpp = 
+5V 
Vss ~ GND CE = GND 
PGM ~ +5V 


30 Jo1s 
H 
AO.JLJLr 


A,..r-l-..f 
•• 
A13 


Binary 
Sequence 
from 
Ao to A'3 


Operating 
Temperature 
During 
Read 
- 40·C to + 125·C 
Temperature 
Under Bias 
-40·C 
to + 125·C 
Storage Temperature 
- 65·C to + 150·C 


Voltage 
on any Pin with 
Respect to Ground 
- 2V to + 7V(1) 


Voltage 
on Ag with 
Respect 
to Ground 
-2V 
to + 13.5V(1) 


Vpp Supply Voltage 
with Respect 
to Ground 
During Programming 
- 2V to + 14.0V(1) 


Vcc 
Supply Voltage 
with 
Respect 
to Ground 
-2V 
to + 7.0V(1) 


Maximum Junction 
Temperature 
(TJ) 
130·C 


Maximum 
Thermal 
Resistance 
Junction- 


to-Ambient 
(OJA) 
Cerdip 
43·C/W 


Plastic 
93·C/W 
•Notice: Stresses above those listed under '~bso- 
lute Maximum Ratings" may cause permanent dam- 
age to the device. This is a stress rating only and 
functional operation of the device at these or any 
other conditions above those indicated in the opera- 
tional sections of this specification is not implied. Ex- 
posure to absolute maximum rating conditions for 
extended periods may affect device reliability. 


READ OPERATION 
D.C. CHARACTERISTICS 
TTLand 
NMOS Inputs -40·C::;; 
TA::;; +125·C 


Symbol 
Parameter 
Notes 
Mln 
Typ(2) 
Max 
Units 
Test Condition 


III 
Input Load Current 
0.01 
±1.0 
/-LA 
VIN = OV,5.5V 


ILO 
Output Leakage Current 
0.01 
±10 
/-LA 
VOUT= OV,5.5V 


IS8 
Vcc Current Standby 
I Switching 
10 
mA 
CE = ALE = VIH 
with Inputs- 
I Stable 
1.0 
mA 
CE = VIH,ALE = VIL 


1cel 
Vcc Current Active 
4 
30 
mA 
CE = VIL.ALE = VIH 
f = 5 MHz, lOUT= 0 mA 


VIL 
Input Low Voltage (± 10% Supply) 
1 
-0.5 
0.8 
V 


VIH 
Input High Voltage (± 10% Supply) 
2.0 
Vcc + 0.5 
V 


VOL 
Output Low Voltage 
0.45 
V 
10L= 2.1 mA 


VOH 
Output High Voltage 
2.4 
V 
10H= ~400/-LA 


los 
Output Short Circuit Current 
5 
100 
mA 


Symbol 
Parameter 
Notes 
Mln 
Typ(2) 
Max 
Units 
Test Condition 


III 
Input Load Current 
0.01 
±1.0 
/-LA 
VIN = 5.5V 


ILO 
Output Leakage Current 
0.01 
±10.0 
p.A 
VOUT= OV,5.5V 


IS8 
VCCCurrent Standby 
I Switching 
3 
6 
mA 
CE = ALE = VIH 


with Inputs- 
I Stable 
100 
/-LA 
CE = VIH,ALE = VIL 


lcel 
VCCCurrent Active 
4 
15 
mA 
CE = VIL,ALE = VIH 
f = 5 MHz, lOUT= 0 mA 


VIL 
Input Low Voltage (± 10% Supply) 
-0.2 
0.8 
V 


VIH 
Input High Voltage (± 10% Supply) 
0.7Vcc 
Vcc + 0.2 
V 


VOL 
Output Low Voltage 
0.4 
V 
10L= 2.1 mA 


VOH 
Output High Voltage 
Vcc - 0.8 
V 
10H= -2.5mA 


los 
Output Short Circuit Current 
5 
100 
mA 


NOTES: 
1. Minimum D.C. input voltage is -0.5'1. During transitions, the inputs may undershoot to -2.0V for periods less than 20 ns. 
Maximum D.C. voltage on output pins s Vcc + 0.5V which may overshoot to Vcc + 2V for periods less than 20 ns. 
2. Typical limits are at Vcc = 5V, TA= 
+25·C. 


3. CE is Vcc ±0.2V. All other inputs can have any value within spec. 
4. Maximum current value is with outputs 00 to 07 unloaded. 
5. Output shorted for no more than one second. No more than one output shorted at a time. 105is sampled but not 100% 
tested. 


D27C128-170V05 
D27C128-200V05 
D27C128-250V05 


VCC ±,5% 
D27C128-150V05 
P27C128-170V05 
P27C128-200V05 
P27C128-250V05 


Verslons(3) 
N27C128-170V05 
N27C128·200V05 
N27C128-250V05 


D27C128-200V10 
D27C128-250V10 
Unit 


Vcc 
± ~O% 
D27C128-150V10 
D27C128-170V10 
P27C128-200V10 
P27C128·250V10 
N27C128-200V10 
N27C128-250V10 


Symbol 
Characteristic 
Mln 
Max 
Mln 
Max 
Mln 
Max 
Mln 
Max 


tACC 
Address 
to Output Delay 
150 
170 
200 
250 
ns 


teE 
CE to Output 
Delay 
150 
170 
200 
250 
ns 


toE 
DE to Output 
Delay 
75 
75 
75 
100 
ns 


tOF(2) 
DE High to Output High Z 
35 
55 
55 
60 
ns 


toH(2) 
Output 
Hold from Addresse". 
CE or OE Change-Whichevllr 
0 
0 
0 
0 
ns 


is First 


NOTES: 
1. A.C. characteristics 
tested 
at VIH = 2.4V 


and VIL = 0.45V. 
Timing 
measurements 
made at VOL = 0.8Vand 
VOH = 3.5V. 
2. Guaranteed 
and sampled. 
3. Part Number 
Prefixes: 
0 = Cerdip; 
P = Plastic 
DIP; 
N = PLCC. 
• 


Input Rise and Fall Times (10% to 90%) 
10 ns 


Input Pulse Levels 
0,45V to 2,4V 


Input Timing Reference 
Level 
0.8V and 2.0V 


Output Timing Reference 
Level 
0.8V and 2,4V 


NOTES: 
1. This parameter 
is only sampled 
an:J is not 100% 
tested. 


2. OE may be delayed 
up to teE-toE 
after the falling 
edge of CE without 
impact 
on teE. 


Symbol 
Parameter 
Max 
Unit 
Conditions 


CIN 
Jlddress/ Control Capacitance 
6 
pF 
VIN = OV 


COUT 
Output Capacitance 
12 
pF 
VOUT = OV 


NOTE: 
1. Sampled. Not 100% tested. 


2'.=>(2.0............. 
_~ 
0.•50.S 
T[sTPOINTs._ 


290140-7 
DEVICE 
UNDER 
TEST 
A.C. Testing: 
Inputs 
are driven 
at 2.4V fo, a Logic 
'"I'" 
and O.4SV 
for a Logic "0". Timing measurements are made at 3.5V for a 
Logic 
'"I'" 
and O.SV for a Logic 
'"0'". 


The modes of operation 
of the 2"7C128 are listed in Table 
1. A single 5V power supply is required 
in the read 
mode. All inputs are TIL 
levels except 
for Vpp and 12V on Ag for inteligent 
Identifier 
mode. 


Table 
1. Mode Selection 
for 27C128 


Pins 
CE 
OE 
PGM 
Ag 
Ao 
Vpp 
VCC 
Outputs 
Mode 


Read 
VIL 
VIL 
VIH 
X(l) 
X 
Vcc 
5.0V 
DOUT 


Output Disable 
VIL 
VIH 
VIH 
X 
X 
Vcc 
5.0V 
HighZ 


Standby 
VIH 
X 
X 
X 
X 
Vcc 
5.0V 
HighZ 


Programming 
VIL 
VIH 
VIL 
X 
X 
(4) 
(4) 
DIN 


Program Verify 
VIL 
VIL 
VIH 
X 
X 
(4) 
(4) 
DOUT 


Program Inhibit 
VIH 
X 
X 
X 
X 
(4) 
(4) 
HighZ 


inteligent 
Identifier(3) 
VIL 
VIL 
VIH 
VH(2) 
VIL 
Vcc 
Vcc 
89H 
-Manufacturer 


inteligent 
Identifier(3) 
VIL 
VIL 
VIH 
VH(2) 
VIH 
Vcc 
Vcc 
FCH 
Device 


NOTES: 
1. X can be VIL or VIH. 
2. VH = 12.0V ± 0.5V. 
3. AI-As. 
Al0-13 
= VIL· 


4. See Table 2 for VCCand Vpp voltages. 
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The 27C128 has two control functions, both of which 
must be logically active in order to obtain data at the 
outputs. Chip Enable (CE) is the power control and 
should be used for device selection. Output Enable 
(OE) is the output control and should be used to 
gate data from the output pins, independent of de- 
vice selection. Assuming that addresses are stable, 
the address access time (tAccl is 13qualto the delay 
from CE to output (tCE).Data is available at the out- 
E!:!!safter the delaLQf tOE from the falling edge of 
OE, assuming that CE has been IClwand addresses 
have been stable for at least tAce·toE. 


EPROMs can be placed in standby mode which re- 
duces the maximum current of the device by apply- 
ing a TTL-high signal to the CE input. When in stand- 
by mode, the outputs are in a high impedance state, 
independent of the OE input. 


Because EPROMs are usually used in larger memo- 
ry arrays, Intel has provided 2 control lines which 
accommodate this multiple memory connection. The 
two control lines allow for: 
a) the lowest possible memory power dissipation, 
and 


b) complete assurance that output bus contention 


will not occur. 


To use these two control lines most efficiently, CE 
should be decoded and used as the primary device 
selecting function, while OE should be made a com- 
mon connection to all devices in the array and con- 
nected to the READ line from thEIsystem control 
bus. This assures that all deselected memory devic- 
es are in their low power standby mode and that the 
output pins are active only when data is desired from 
a particular memory device. 


The power switching characteristics of EPROMs re- 
quire careful decoupling of the devices. The supply 
current, Icc, has three segments that are of interest 


to the system designer-the 
standby current level, 


the active current level, and the transient current 
peaks that are produced by the falling and rising 
edges of Chip Enable. The magnitude of these tran- 
sient and inductive current peaks is dependent on 
the output capacitive and inductive loading of the 
device. The associated transient voltage peaks can 
be suppressed by complying with Intel's Two-Line 
Control, and by properly selected decoupling capaci- 
tors. It is recommended that a 0.1 IJ-F ceramic ca- 
pacitor be used on every device between Vcc and 
GND. This should be a high frequency capacitor for 
low inherent inductance and should be placed as 
close to the device as possible. In addition, a 4.7 IJ-F 
bulk electrolytic capacitor should be used between 
Vcc and GND for every eight devices. The bulk ca- 
pacitor should be located near where the power sup- 
ply is connected to the array. The purpose of the 
bulk capacitor is to overcome the voltage droop 
caused by the inductive effect of PC board-traces. 


Caution: Exceeding 14Von 
Vpp will permanently 


damage the device. 


Initially, and after each erasure, all bits of the 
EPROM are in the "1" state. Data is introduced by 
selectively programming "Os" into the desired bit lo- 
cations. Although only "Os" will be programmed, 
both "1s" and "Os" can be present in the data word. 
The only way to change a "0" to a "1" is by ultravio- 
let light erasure. 


The device is in the programming mode when Vpp is 
raised to~rogramming 
voltage (See Table 2) and 


CE and PGM are both at TTL low and OE = VIH. 
The data to be programmed is applied 8 bits in paral- 
lel to the data output pins. The levels required for the 
address and data inputs are TTL. 


Programming of multiple EPROMs in parallel with 
different data is easily accomplished by using the 
Program Inhibit mode. A high-level CE or PGM input 
inhibits the other devices from being pr~ammed. 
Except for CE, all like inputs (including OE) of the 
parallel EPROMs ma~ 
common. A TTL low-level 


pulse applied to the PGM input with Vpp at its pro- 
gramming voltage and CE = VIL will program the 
selected device. 
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Inteligent 
Identlfier™ 
Mode 


The inteligent Identifier Mode allows the reading out 
of a binary code from an EPROM that will identify its 
manufacturer and type. This mode is intended for 
use by programming equipment for the purpose of 
automatically 
matching 
the 
device 
to 
be 
pro- 
grammed 
with 
its 
corresponding 
programming 


algorithm. This mode is functional in the 25°C ± 5°C 
ambient temperature range that is required when 
programming the device. 


To activate this mode, the prO!lramming equipment 
must force 11.5V to 12.5V on address line A9 of the 
EPROM. Two identifier bytes, may then be se- 
quenced from the device outputs by toggling ad- 
dress line AOfrom V,Lto VIH.All other address lines 
must be held at V,L during th'3 inteligent Identifier 
Mode. 


Byte 0 (AO = VIL)represents the manufacturer code 
and byte 1 (AO = VIH) the dovice identifier code. 
These two identifier bytes are ~Iivenin Table 1. 


ERASURE 
CHARACTEFlISTICS 
(FOR 


CERDIP 
EPROMS) 


The erasure characteristics are such that erasure 
begins to occur upon exposum to light with wave- 
lengths shorter than approximately 4000 Angstroms 
(A). It should be noted that sunlight and certain 
types of fluorescent lamps hav'3wavelengths in the 
3000-4000A range. Data show:, that constant expo- 
sure to room level fluorescent lighting could erase 


the EPROM in approximately 3 years, while it would 
take approximately 1 week to cause erasure when 
exposed to direct sunlight. If the device is to be ex- 
posed to these types of lighting conditions for ex- 
tended periods of time, opaque labels should be 
placed over the window to prevent unintentional era- 
sure. 


The recommended erasure procedure is exposure 
to shortwave ultraviolet light which has a wavelength 
of 2537 Angstroms (A). The integrated dose (Le.,UV 
intensity x exposure time) for erasure should be a 
minimum of 15 Wsec/cm2. The erasure time with 
this dosage is approximately 15 to 20 minutes using 
an ultraviolet lamp with a 12000 /LW/cm2 power rat- 
ing. The EPROM should be placed within 1 inch of 
the 
lamp tubes 
during erasure. The 
maximum 


integrated dose an EPROM can be exposed to 
without damage is 7258 Wsec/cm2 
(1 week 
@ 


12000 /LW/cm2). Exposure of the device to high in- 
tensity UV light for longer periods may cause perma- 
nent damage. 


Special EPI processing techniques have enabled In- 
tel to build CHMOS with features adding to system 
reliability. These include input/output protection to 
latch-up. Each of the data and address pins will not 
latch-up with currents up to 100 mA and voltages 
from -1V 
to Vcc + 1V. 
' 


Additionally, the Vpp (programming) pin is designed 
to resist latch-up to the 14V maximum device limit. 
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Flgur,e 5. Quick-Pulse 
Programmlng™ 
Algorithm 


Quick-Pulse 
ProgrammingTM Algorithm 
fication 
to 
determine 
when 
the 
address 
byte 
has 


been 
successfully 
programmed. 
Up to 25 
100 IJ-s 


pulses 
per byte are provided 
before 
a failure 
is rec- 


ognized. 
A flowchart 
of the 
Quick-Pulse 
Program- 


ming Algorithm 
is shown 
in Figure 5. 


Intel's 
27C128 
EPROM 
is programmed 
using 
the 


Quick-Pulse 
Programming 
Algorithm, 
developed 
by 


Intel to substantially 
reduce 
the tl'roughput 
time 
in 


the 
production 
environment. 
This 
algorithm 
allows 


the device to be programmed 
in under two seconds, 
almost 
a hundred 
fold 
improvement 
over 
previous 


algorithms. 
Actual 
programming 
time is a function 
of 


the PROM programmer 
being used. 


For the Quick Pulse Programming 
Algorithm, 
the en- 


tire sequence 
of programming 
pulses and byte verifi- 


cations 
is performed 
at Vcc 
= 
6.25V 
and Vpp at 


12.75V. 
When 
programming 
of 
the 
EPROM 
has 


been 
completed, 
all bytes 
should 
be compared 
to 


the original 
data with Vcc 
= Vpp = 5.0V. 
The Quick-Pulse 
Programming 
Algc,rithm 
uses initial 


pulses of 100 microseconds 
folioWEld by a byte veri- 


Symbol 
Parameter 
Limits 
Test Conditions 


Mln 
Max 
Unit 
(Note 
1) 


III 
Input Current (All Inputs) 
1.0 
IJ-A 
VIN = VIL or VIH 


VIL 
Input Low Level (All Inputs) 
-0.1 
0.8 
V 


VIH 
Input High level 
2.0 
Vcc + 0.5 
V 


VOL 
Output Low Voltage 
During Verify 
0.45 
V 
10L = 2.1 mA 


VOH 
Output High Voltage 
During Verify 
3.5 
V 
10H = -2.5 
mA 


ICC2(3) 
Vcc Supply CurrEtnt 
30 
mA 


IpP2(3) 
Vpp Supply Current (Program) 
30 
mA 
CE = VIL 


VIO 
Ag inteligent 
Identifier Voltage 
11.5 
12.5 
V 


Vpp 
Quick-Pulse 
Programming 
Algorithm 
12.5 
13.0 
V 


Vcc 
Quick-Pulse 
Programming 
Algorithm 
6.0 
6.5 
V 


A.C. PROGRAMMING 
CHARACTERISTICS 
TA = 25°C 
±5°C, 
See Table 2 for Vcc 
and Vpp Voltages 


Symbol 
Paralmeter 
Limits 
Conditions 


Min 
Typ 
Max 
Unit 
(Note 
1) 


tAS 
Address 
Setup Time 
2 
IJ-s 


toES 
OE Setup Time 
2 
IJ-s 


tos 
Data Setup Time 
2 
IJ-s 


tAH 
Address 
Hold Time 
0 
IJ-s 


tOH 
Data Hold Time 
2 
IJ-s 


tOFP 
OE High to Output Float Delay 
0 
130 
ns 
(Note 2) 


tvps 
Vpp Setup TimEt 
2 
IJ-s 


tvcs 
Vcc Setup Timo 
2 
IJ-s 


tCES 
CE Setup Time 
2 
IJ-s 


tpw 
PGM Intitial Program Pulse Width 
95 
100 
105 
IJ-s 
Quick-Pulse 


tOE 
Data Valid from OE 
150 
ns 


NOTn: 
1. Vcc 
must be applied 
simultaneously 
or before 
Vpp and removed 
simultaneously 
or after Vpp. 
2. This 
parameter 
is only 
sampled 
:l.nd is not 
100% 
tested. 
Output 
Float 
is defined 
as the 
point 
where 
data 
is no longer 


driven-see 
timing 
diagram. 
3. The maximum 
current 
value 
is with outputs 00 to 07 Unloaded. 
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12.75V 


Vpp 


5.QV 


6.25V 
VCC 
5.QV 


NOTES: 
1. The Input Timing 
Reference 
Levul is 0.8V for VIL and 2V for a VIH. 
2. toE and tOFP are characteristics 
"f the device 
but must be accommodated 
by the programmer. 
3. When 
programming 
the 
27C128, 
a 0.1 ,..F capacitor 
is required 
across 
Vpp and 
ground 
to suppress 
spurious 
voltage 
transients 
which 
can dama~le the device. 
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27C256 
256K (:32Kx 8) CHMOS PRODUCTION 
AI~DUV ERASABLE PROMS 
Automotive 


• 
Extended 
Automotive 
Temperature 
Range -40·C to + 125·C 


• 
CHMOSINMOS 
Mlcrocontroller 
and 
Microprocessor 
Compatible 
- 
Universal 
28 Pin Memory 
Site, 2-line 
Control 


• 
Low Power Consumptlcln 
- 
100 I-'-AMaximum 
Standby 
Current 


• 
High Performance 
Speeds 
- 
200 ns Maximum 
Access Time 


• 
Noise Immunity 
Features 
- 
± 10% Vcc Tolerance 
- 
Maximum 
Latch-up 
Immunity 


Through 
EPI Processing 


• 
New Quick-Pulse 
Programmlng™ 
Algorithm 
- 
4 Second 
Programming 


• 
Available 
In 28-Pln Cerdlp 
Package 


(See 
Packaging 
Spec., 
Order 
# 231369) 


Intel's 27C256 
CHMOS 
EPROM is a 256K bit 5V only memory organized 
as 32,768 words of 8 bits. It employs 


advanced 
CHMOS*II-E 
circuitry 
for systems 
requiring 
low power, 
high performance 
speeds, 
and immunity 
to 


noise. The 27C256 
has a non-multiplexed 
addressing 
interface 
and is plug compatible 
with the standard 
Intel 


27256 
(HMOS 
II-E). 


A new Quick-Pulse 
Programming 
Algorithm 
is employed 
on these devices 
which 
may speed 
up programming 


by as much as one hundred 
times. 
In the absence 
of Quick-Pulse 
Compatible 
programming 
equipment, 
the 
inteligent 
Programming™ 
Algorithm 
may be utilized. 


The highest 
degree 
of protection 
against 
latch-up 
is achieved 
through 
Intel's 
unique 
EPI processing. 
Preven- 


tion of latch-up 
is provided 
for stresses 
up to 100 mA on address 
and data pins from 
-1V 
to Vcc + 1V. 


In order to meet the rigorous 
environmental 
requirements 
of automotive 
applications, 
Intel offers the 27C256 
in extended 
Automotive 
tempe'ature 
range. 
Operational 
characteristics 
are guaranteed 
over the 
range 
of 


- 40·C to + 125·C ambient. 


:4 
CE-.l 


OUTPUT 
ENABLE 
PROG 
LOGIC 


CHIP ENABLE 


AO-A1• 


ADDRESS - 
INPUTS 
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27128 
2764A 
2732A 
2716 


Vpp 
Vpp 


A12 
A12 
A7 
A7 
A7 
A7 
~ 
~ 
~ 
~ 
AS 
As 
As 
AS 
A4 
~ 
A4 
A4 
A3 
A3 
A3 
A3 
A2 
A2 
A2 
A2 
A1 
A1 
A1 
Al 
Ao 
Ao 
Ao 
Ao 


00 
00 
00 
00 
01 
01 
01 
01 
02 
02 
02 
02 
Gnd 
Gnd 
Gnd 
Gnd 


AO-A14 
ADDRESSES 


00-07 
OUTPUTS 
OE 
OUTPUT 
ENABLE 
IT 
CHIP ENABLE 


N.C. 
NO CONNECT 


D.U. 
DON'T 
USE 


290120-2 
Figure 2. Pin Configuration 


2716 
2732A 
2764A 
27128 


Vcc 
Vcc 
PGM 
PGM 


VCC 
Vcc 
N.C. 
A13 
As 
As 
As 
As 
Ag 
Ag 
Ag 
Ag 
Vpp 
A11 
A11 
A11 
OE 
OElVpp 
OE 
OE 


A10 
AlO 
A10 
AlO 
IT 
IT 
IT 
IT 


07 
07 
07 
07 
06 
06 
06 
06 
05 
05 
05 
05 
04 
04 
04 
04 
03 
03 
03 
03 


NOTE: 
Intel "Universal 
Site" 
-Compatible 
EPROM 
Pin Configurations 
are Shown 
in the Blocks 
Adjacent. 


EXTENDED 
TEMPERATURE 
(EXPRESS) 
EPROMs 


The Intel EXPRESS EPROM family is a series of 
electrically programmable read only memories which 
have received additional proc~ssing to enhance 
product characteristics. 
EXPR=SS processing is 
available for several densities of EPROM, allowing 
the choice of appropriate memOlYsize to match sys- 
tem applications. EXPRESS EPROM products are 
available with 168 ± 8 hour, 12!5·Cdynamic burn-in 
using Intel's standard bias configuration. This pro- 
cess exceeds or meets most industry specifications 
of burn-in. The standard EXPRESS EPROM operat- 
ing temperature range is O·Ct070·C. Extended oper- 
ating temperature range (- 4C·C to + 85·C) EX- 
PRESSproducts are available along with automotive 
temperature range (- 40·C to -+ 125·C) products. 


AUTOMOTIVE 
AND EXPRESS 
OPTIONS 


Speed 
Packaging 
Options 


Versions 
Cerdip 


-2 
T,L,Q,A 


-20 
T,L,Q,A 


STD 
T,L,Q,A 


-25 
T, L,Q,A 


-3 
T,L,Q,A 


-30 
T,L,Q,A 


AU I UMU I IVI:.,,"'u ~A,..n~.,., 
~r-nvm 


PRODUCT 
FAMILY 


Type 
Operating 
Burn-in 12S·C 


Temperature 
(·C) 
(hr) 


Q 
O·Cto +70·C 
168 ±8 


T 
- 40·C to + 85·C 
NONE 


L 
- 40·C to + 85·C 
168 ±8 


A 
- 40·C to + 125·C 
NONE 


B 
- 40·C to + 125·C 
168 ±8 


290120-4 


OE = 5V 
R = 1 KO 
Vcc = +5V 


Vpp = +5V 
Vss = GND 
CE = 33.3 KHz 


--J 1--15 ~s 
crJUUUlf 
. 
. 
, 
. 
, 
, 


30 ~s 
. H 
.. 
Aoru--u 


A1..JL.r 
.• 
Au 


intJ 


Operating 
Temperature 
During 
Read 
-- 40°C to + 125°C 


Temperature 
Under Bias 
--40°C 
to + 125°C 


Storage Temperature 
-- 65°C to + 150°C 


Voltage 
on Any Pin with 
Respect 
to Ground 
- 2V to + 7V(1) 


Voltage 
on Ag with 
Respect 
to Ground 
--2V to + 13.5V(1) 


Vpp supply Voltage 
with Respect 
10 Ground 
during programming 
-- 2V to + 14.0V(1) 


Vcc 
Supply Voltage 
with 
Respect 
to Ground 
:-2V 
to + 7.0V(1) 


Maximum Junction 
Temperature 
(TJ) 
140°C 


Maximum 
Thermal 
Resistance 
Junction 
to Ambient 
(8JA): 


Cerdip 
36°C/W 


PLCC 
55°C/W 


•Notice: Stresses above those listed under "Abso- 
lute Maximum Ratings" may cause permanent dam- 
age to the device. This is a stress rating only and 
functional operation of the device at these or any 
other conditions above those indicated in the opera- 
tional sections of this specification is not implied Ex- 
posure to absolute maximum rating conditions for 
extended periods may affect device reliability. 


Symbol 
Parameter 
Notes 
Min 
Typ(2) 
Max 
Units 
Test Condition 


III 
Input Load Current 
0.01 
± 1.0 
p.A 
VIN = OV, 5.5V 


ILO 
Output 
Leakage Current 
0.01 
±10 
p.A 
VOUT = OV, 5.5V 


IpP1 
Vpp Read Current 
4 
200 
p.A 
Vpp = Vcc 


158 
Vcc Current Standby 
CMOS 
3 
200 
p.A 
CE = Vcc 


ICC1 
Vcc Active Current (mA) 
TTL 
30 
OE = CE = VIL 


Vcc Active Current 
OE = CE = VIL 
at High Temperature 
(mA) 
TTL 
30 
Vpp,= 
Vcc, 


TAmbient = + 125°C 


Input Low Voltage 
-0.5 
0.8 
(± 10% Supply) (TTL) 


VIL 
Input Low Voltage 
V 
Vpp = Vcc 


(CMOS) 
-0.2 
0.2 


Input High Voltage 
2.0 
Vcc + 0.5 
(± 10% Supply) (TTL) 


VIH 
Input High Voltage 
V 
Vpp = Vcc 


(CMOS) 
Vcc 
- 
0.2 
Vcc + 0.2 


VOL 
Output Low Voltage 
0.45 
V 
10L=2.1 
mA 


VOH 
Output 
High Voltage 
3.5 
V 
10H= -2.5 
mA 


105 
Output Short Circuit Curmnt 
5 
100 
mA 


Vpp 
Vpp Read Voltage 
6 
Vcc 
- 
0.7 
Vcc 
V 


NOTES: 
1. Minimum D.C. input voltage is -0.5V. 
During transitions, 


the inputs may undershoot to -2,OV fm periods less than 
20 ns. Maximum D.C. voltage on output pins is Vcc + 
0.5V which may overshoot to Vcc + 2V for periods less 
than 20 ns. 
2. Typical limits are at Vcc = 5V, TA :, +25°C. 
3. CE is Vcc ±0.2V. All other inputs c:an have any value 
within spec. 


4. Maximum Active power usage is the sum Ipp + Ice. The 
maximum current value is with outputs 00 to 07 unloaded. 
5. Output shorted for no more than one second. No more 
than one output shorted at a time. los is sampled but not 
100% tested. 
6. Vpp may be one diode voltage drop below Vcc. It may 
be connected directly to Vcc, Also, Vcc must be applied 
simultaneously or before Vpp and removed simultaneously 
or after Vpp: 
7. VIL, VIH levels at TIL inputs. 
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Verslons(3) 
I 
VCC ±5% 
27C256-2 
27C256 
27C256-3 
Unit 
I 
Vcc 
±10% 
27C256·20 
27C256·25 
27C256·30 


Symbol 
CharactE!rlstic 
Min 
Max 
Min 
Max 
Mln 
Max 


tACC 
Address 
to Output Delay 
200 
250 
300 
ns 


tCE 
CE to Output Delal( 
200 
250 
300 
ns 


tOE 
OE to Output Delay 
75 
100 
120 
ns 


tDF(2) 
OE High to Output High Z 
55 
60 
75 
ns 


tOH(2) 
Ou~t 
Hold from Addresses. 
CE 
0 
0 
0 
ns 
or OE Change-Whichever 
is First 


NOTES: 
1. A.C. characteristics tested at VIH •• 2.4Vand 
VIL = 0.45V. 
Timing measurements made at VOL ,= O.BVand 
VOH = 2.0V. 
2. Guaranteed and sampled. 
3. Part Number Prefixes: No Prefix = CERDIP 


A.C. CONDITIONS 
OF TEST 
Input Rise and Fall Times (10%'to 
90%) 
10 ns 


Input Pulse Levels 
0.45V to 2.4V 


Input Timing Reference 
Level 
0.8Vand 
2.0V 


Output Timing Reference 
Level 
0.8V and 2.4V 


V'H----_'\ 


ADDRESSES 
I 


NOTES: 
1. Typical values are for TA ~ 
2SoC and nominal 
supply voltages. 
2. This parameter is only sampled an:! is not 100% tested. 
3. OE may be delayed up to tCE-toE after the falling edge of CE without impact on tCE. 
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Symbol 
I 
Parameter 
Max 
Units 
Conditions 


CIN 
1 
Address/control 
capacitance 
6 
pF 
VIN = OV 


COUT 
Output Capacitance 
12 
pF 
VOUT = OV 


NOTE: 
1. Sampled. 
Not 100% 
tested. 


2.0 
~ 


0.'>TESTPOINTS~ 
DEVICE 
UNDER 
TEST 
290120-7 


A.C. testing inputs are driven at 2.4V for a logic "1" and 0.45V 
for a logic 
"0". Timing measurements are made at 2.0V for a 
logic "1" and O.BVfor a logic "0." 


CL = 100 pF 
CL Includes Jig Capacitance 


The modes 
of operation 
of the 27C256 
are listed in Table 
1. A single 5V power supply is required 
in the read 
mode. All inputs are TIL 
levels oxcept 
for Vpp and 12V on Ag for inteligent 
Identifier™ 
mode. 


Pins 
CE 
OE 
Mode 
Ag 
Ao 
Vpp 
VCC 
Outputs 


Read 
VIL 
VIL 
X(1) 
X 
Vcc 
5.0V 
DOUT 


Output Disable 
VIL 
VIH 
X 
X 
VCC 
5.0V 
HighZ 


Standby 
VIH 
X 
X 
X 
Vcc 
5.0V 
HighZ 


Programming 
VIL 
VIH 
X 
X 
(Note 4) 
(Note 4) 
DIN 


Program Verify 
VIH 
VIL 
X 
X 
(Note 4) 
(Note 4) 
DOUT 


Program Inhibit 
VIH 
VIH 
X 
X 
(Note 4) 
(Note 4) 
HIGHZ 


inteligent 
Identifier 
(3) 
VIL 
VIL 
VH(2) 
VIL 
Vcc 
Vcc 
89H 
-Manufacturer 


inteligent 
Identifier 
(3) 
VIL 
VIL 
VH(2) 
VIH 
Vcc 
Vcc 
8CH 
-27C256 


NOTES: 
1. X can be Vll 
or VIH. 
2. VH = 12.0V ± 0.5V. 
3. A1-Aa. 
A1O-12 = Vll. 
4. See Table 
2 for VCC and Vpp voltag.3s during 
programming. 


inter 


The 27C256 has two control functions, both of which 
must be logically active in order to obtain data at the 
outputs. Chip Enable (CE) is the power control and 
should be used for device selection. Output enable 
(OE) is the output control and Bhould be used to 
gate data from the output pins, independent of de- 
vice selection. Assuming that addresses are stable, 
the address access time (tAccl is equal to the delay 
from CE to output (teE). Data is available at the out- 
puts after a de~ 
of tOEfrom the falling edge of OE, 


assuming that CE has been low and addresses have 
been stable for at least tACC-tOE. 


The 27C256 has a Standby mode which reduces the 
maximum Vcc current to 1QQy.A.Both are placed in 
the Standby mode when CE is in the CMOS-high 
state. When the Standby mode, the outputs are in a 
high impedance state, independent of the OE input. 


Because EPROMs are usually used in larger memo- 
ry arrays, Intel has provided 2 control lines which 
accommodate this multiple memc,ryconnection. The 
two control lines allow for: 
a) the lowest possible memory power dissipation, 
and 
b) complete assurance that output bus contention 


will not occur. 


To use these two control lines most efficiently, CE 
should be decoded and used as the primary device 
selecting function, while OE should be made a com- 
mon connection to all devices in the array and con- 
nected to the READ line from the system control 
bus, This assures that all deselected memory devic- 
es are in their low power standby mode and that the 
output pins are active only when (lata is desired from 
a particular memory device. 


The power switching characteristics of EPROMs re- 
quire careful decoupling of the devices. The supply 
current, Icc, has three segments that are of interest 
to the system designer-the 
standby current level, 


the active current level, and tho transient current 
peaks that are produced by thEI falling and rising 
edges of Chip Enable. The magnitude of these tran- 
sient current peaks is dependent on the output ca- 
pacitive and inductive loading of the device. The as- 


sociated transient voltage peaks can be suppressed 
by complying with Intel's Two-Line Control, and by 
properly selected decoupling capacitors. It is recom- 
mended that a 0.1 /A-F ceramic capacitor be used on 
every device between Vcc and GND. This should be 
a high frequency 'capacitor for low inherent induc- 
tance and should be placed as close to the device 
as possible. In addition, a 4.7 /A-F bulk electrolytic 
capacitor should be used between Vcc and GND for 
every eight devices. The bulk capacitor should be 
located near where the power supply is connected 
to the array. The purpose of the bulk capacitor is to 
overcome the voltage droop caused by the inductive 
effect of PC board-traces. 


Caution: Exceeding 14Von 
Vpp will permanently 


damage the device. 


Initially, and after each erasure, all bits of the 
EPROM are in the "1" state. Data is introduced by 
selectively programming "Os" into the desired bit lo- 
cations. Although only "Os" will be programmed, 
both "1s" and "Os" can be present in the data word. 
The only way to change a "0" to a "1" is by ultravio- 
let light erasure. 


The device is in the programming mode when Vpp is 
raised to its programming vol~e(See 
Table 2) and 


CE is pulsed to TTL low and OE = VIH.The data to 
be programmed is applied 8 bits in parallel to the 
data output pins. The levels required for the address 
and data inputs are TTL. 


Program Inhibit 


Programming of multiple EPROMS in parallel with 
different data is easily accomplished by using the 
Program Inhibit mode. A high-level CE input inhibits 
the other devices from being programmed. 


Except for CE and OE all like inputs of the parallel 
EPROMs may be common. A TTL low-level pulse 
applied to the CE input with Vpp at its programming 
voltage will program the selected device. 


Program Verify 


A verify should be performed on the programmed 
bits to determine that they have been correctly pro- 
9.@mmed.The verify is performed with OE at VILand 
CE at VIH, and Vpp and Vcc at their programming 
voltages. Data should be verified a minimum of toE 
after the falling edge of DE. 


inter 


Optional Program Verify 


All 27C256s with YEP = 12.75V (12.5V inteligent 
programming) and OE = VILwill present data on the 
bus independent of the CE state. The optional verify 
may be used in place of the verify mode to allow 
parallel programming where several devices share a 
common bus. It is performed with OE at VIL, CE = 
VIL (as opposed to the standard verify which has CE 
at VIH), and Vpp = Vcc 
= 6.25'1 (6.0V inteligent 


programming). The outputs will then tri-state accord- 
ing to the signals presented to OE and CEoWith Vpp 
lowered to Vcc (= 6.25V/6.0V-See 
Table 2), the 


normal read mode may be used to execute a pro- 
gram verify. 


inteligent 
Identifier™ 
Mode 


The inteligent Identifier Mode allows the reading out 
of a binary code from an EPROM that will identify its 
manufacturer and type. This mod3 is intended for 
use by programming equipment felr the purpose of 
automatically 
matching 
the 
device 
to 
be 
pro- 


grammed with its corresponding programming algo- 
rithm. This mode is functional in tho 25°C ± 5°C am- 
bient temperature range that is required when pro- 
gramming the device. 


To activate this mode, the programming equipment 
must force 11.5V to 12.5V on addn3ssline A9 of the 
EPROM. Two identifier bytes may then be se- 
quenced from the device outputs by toggling ad- 
dress line Ao from VILto VIH.All ot,er address lines 
must be held at VIL during the inleligent Identifier 
Mode. 


Byte 0 (Ao = VIU represents the manufacturer code 
and byte 1 (Ao = VIH) the devico identifier code. 
These two identifier bytes are given in Table 1. 


INTEL EPROM 
PROGRAMMING 


SUPPORT 
TOOLS 


Intel offers a full line of EPROM Programmers pro- 
viding state-of-the-art programming for Intel pro- 
grammable devices. The modular architecture of 
Intel's EPROM programmers allow!; you to add new 
suport as it becomes available, with very low cost 
add-ons. For example, even the earliest users of the 
iUP-FAST 27/K 
module may take advantage of 


Intel's new Quick-Pulse Programming Algorithm, the 
fastest in the industry. 


Intel EPROM programmers may be I~ontrolledfrom a 
host computer using Intel's PROM Programming 
software (iPPS). iPPS makes programming easy for 


a growing list of industry standard hosts, including 
the IBM PC, XT, AT, and PCDOS compatibles, 
Intellec Development Systems. Intel's iPDS Person- 
al Development Systems, and the Intel Network De- 
velopment System (iNDS-II). Stand-alone operation 
is also available, including device previewing, edit- 
ing, programming, and download of programming 
data from any source over an RS232C port. 


For further details consult the EPROM Programming 
section of the Development Systems Handbook. 


ERASURE 
CHARACTERISTICS 
(FOR 


CERDIP 
EPROMS) 


The erasure characteristics are such that erasure 
begins to occur upon exposure to light with wave- 
lengths shorter than approximately 4000 Angstroms 
(A). It should be noted that sunlight and certain 
types of fluorescent lamps have wavelengths in the 
3000-4000A range. Data shows that constant expo- 
sure to room level fluorescent lighting could erase 
the EPROM in approximately 3 years, while it would 
take approximately 1 week to cause erasure when 
exposed to direct sunlight. If the device is to be ex- 
posed to these types of lighting conditions for ex- 
tended periods of time, opaque labels should be 
placed over the window to prevent unintentional era- 
sure. 


The recommended erasure procedure is exposure 
to shortwave ultraviolet light which has a wavelength 
of 2537 Angstroms (A). The integrated dose (Le.,UV 
intensity x exposure time) for erasure should be a 
minimum of 15 Wsec/cm2. 
The erasure time with 


this dosage is approximately 15 to 20 minutes using 
an ultraviolet lamp with a 12000 p.W/cm2 
power rat- 


ing. The EPROM should be placed within 1 inch of 
the lamp tubes during erasure. The maximum inte- 
grated dose an EPROM can be exposed to without 
damage is 7258 Wsec/cm2 
(1 week @ 12000 p.WI 


cm2). Exposure of the device to high intensity UV 
light for longer periods may cause permanent dam- 
age. 


Special EPI processing techniques have enabled In- 
tel to build CHMOS with features adding to system 
reliability. These include input/output protection to 
latch-up. Each of the data and address pins will not 
latch-up with currents up to 100 mA and voltages 
from -1V 
to Vcc + 1V. 


Additionally, the Vpp (programming) pin is designed 
to resist latch-Upto the 14V maximum device limit. 


Quick-Pulse 
Programmlng™ 
Algorithm 


Intel's 27C256 EPROMs can now be programmed 
using the Quick-Pulse Programming Algorithm, de- 
veloped by Intel to substantially reduce the through- 
put time in the production pmgramming environ- 
ment. This algorithm allows 2?C256s to be pro- 
grammed in under four seconds, almost a hundred 
fold improvement over previous algorithms. Actual 
programming time is a function of the PROM pro- 
grammer being used. 


The Quick-Pulse Programming Algorithm uses initial 
pulses of 100 microseconds followed by a byte veri- 
fication to determine when the address byte has 
been successfully programmed. Up to 25 100 J.Ls 


pulses per byte are provided before a failure is rec- 
ognized. A flowchart of the Quick-Pulse Program- 
ming Algorithm is shown in Figure 5. 


For the Quick-Pulse Programming Algorithm, the en- 
tire sequence of programming pulses and byte verifi- 
cations is performed at Vcc = 6.25V and Vpp at 
12.75V. When programming of the EPROM has 
been completed, all bytes should be compared to 
the original data with Vcc = Vpp = 5.0V. 


In addition to the Quick-Pulse Programming Algo- 
rithm, 
the 
27C256 
is 
also 
compatible 
with 


Intel's Inteligent Programming Algorithm. 


inteligent 
Programming™ 
Algorithm 


The 
inteligent 
Programming 
Algorithm 
has been 
a 


standard 
in the 
industry 
for the 
past few years. 
A 


flow-chart 
of the inteligent 
Programming 
Algorithm 
is 


shown 
in Figure 6. 


The 
inleligent 
Programming 
Algorithm 
utilizes 
two 


different 
pulse 
types: 
initial 
and 
:>Verprogram. The 


duration 
of the 
initial 
pulse(s) 
is one 
millisecond, 
which will then be followed 
by a larger overprogram 


pulse 
of length 
3X msec. 
X is an iteration 
counter 


and is equal to the number of the initial one millisec- 
ond pulses applied 
to a particular 
location, 
before 
a 


correct 
verify occurs. 
Up to 25 one-millisecond 
puls- 


es per byte are provided 
for before the overprogram 


pulse is applied. 


The entire sequence of program pulses and byte 
verifications Is performed at Vcc = 6.0Vand 
Vpp = 12.5V. When the inteligent 
Programming 
cy- 


cle has been completed, 
all bytes 
should 
be com- 


pared to the original 
data with Vcc = Vpp = 5.0V. 


Symbol 
Parumeter 
Limits 
Test Conditions 
Mln 
Max 
Unit 


III 
Input Current (All Inputs) 
1.0 
/-LA 
VIN = VIL or VIH 


VIL 
Input Low Level (All Inputs) 
-0.1 
0.8 
V 


VIH 
Input High Level 
2.0 
Vcc + 0.5 
V 


VOL 
Output Low Voltage 
During Verify 
0.45 
V 
IOL = 2.1 mA 


VOH 
Output High Voltage 
During Verify 
3.5 
V 
IOH = -2.5 
mA 


ICC2(4) 
Vcc Supply Curmnt 
30 
mA 


IpP2(4) 
Vpp Supply CurrElnt (Program) 
50 
mA 
CE = VIL 


VID 
Ag Inteligent 
Identifier Voltage 
11.5 
12.5 
V 


Vpp 
inteligent 
Programming 
Algorithm 
12.0 
13.0 
V 


Quick-Pulse 
Programming 
Algorithm 
12.5 
13.0 
V 


VCC 
inteligent 
Programming 
Algorithm 
5.75 
6.25 
V 


Quick-Pulse 
Programming 
Algorithm 
6.0 
6.5 
V 


intJ 


A.C. PROGRAMMING 
CHARACTERISTICS 
27C256 
TA = 25°C ± 5°C; see Table 2 for Vee and Vpp voltages. 


Symbol 
Parameter 
limits 
Conditions 
Mln 
Typ 
Max 
Unit 


tAS 
Address 
Setup Time 
2 
IJ-s 


toES 
OE Setup Time 
2 
IJ-s 


tos 
Data Setup Time 
2 
IJ-s 


tAH 
Address 
Hold Time 
0 
IJ-s 


tOH 
Data Hold TimEt 
2 
IJ-s 


tOFP 
OE High to 
0 
130 
ns 
(See Note 3) 
Output Float DEllay 


tvps 
Vpp Setup TimEl 
2 
IJ-s 


tves 
Vee Setup Tim<3 
2 
IJ-s 


tpw 
CE Initial Program 
95 
100 
105 
IJ-s 
Quick-Pulse 
Pulse Width 
0.95 
1.0 
1.05 
ms 
inteligent 


topw 
CE Overprogram 
2.85 
78.75 
ms 
(See Note 2) 
Pulse Width 


tOE 
Data Valid from OE 
150 
ns 


teE 
CE to Output Delay 
500 
ns 
Optional 
Verify 


tVR 
Vpp Recovery 
Time 
2 
IJ-s 
Optional 
Verify 


tVPH 
Vpp Hold Time 
2 
IJ-s 
Optional 
Verify 


NOTES: 
1. Vcc must be applied simultaneously or before Vpp and removed simulta[leously or after Vpp. 
2. The length of the overprogram pulse (Intelligent Programming Algorithm) may vary from 2.85 msec to 78.75 msec as a 
function of the iteration counter value X. 
3. This parameter is only sampled and is not 100% tested. Output Float is defined as the point where data is no longer 
driven-see 
timing diagram. 
. 


4. The maximum current value is with outputs 00 to 07 unloaded. 


12.75V112.5V(4) 


V,.. 


5.0V 


m 
a.25V II.OV(4) 


W 
Vcc 
<Xl 


5.0V 


VIH 
cr 


V'l 


VIH 


Of 
VIL 


I 


OP~~LII 


VERIFY 


NOTES: 
1. The Input Timing 
Reference 
Level is 0.8V for VIL and 2V for a VIH. 


2. toE and tDFP are characteristics 
of the device 
but must be accommodated 
by the programmer. 


3. When programming 
the 27C256, 
a 0.1 ,.F capacitor 
is required 
across 
Vpp and ground 
to suppress 
spurious 
voltage 
transients 
which 
can damage 
the device. 
4. 12.75V Vpp & 6.25V Vcc 
for Quick-Pulse 
Programming 
Algorithm; 
12.5V Vpp & 6.0V Vcc 
for inteligent 
Programming 
Algorithm. 


'87C257 
256K (32K x 8) CHMOS UV ERASABLE PROM 
Automotive 


• 
Extended 
Automotive 
T1emperature 
Range: -40·C to + 125·C 


• 
CHMOSINMOS 
Microcontroller 
and 
Microprocessor 
Compatible 
- 
87C257-lntegrated 
Adldress Latch 
- 
Universal 
28 Pin Memory 
Site, 2-line 
Control 


• 
Low Power Consumption 


• 
High Performance 
Speeds 
- 
200 ns Maximum 
Acct!sS Time 


• 
Noise Immunity 
Features 
- 
± 10% Vcc Tolerance 
- 
Maximum 
Latch-up 
Immunity 
Through 
EPI Processing 


• 
New Quick-Pulse 
Programming™ 
Algorithm 
- 
4 Second 
Programming 


• 
Available 
in 28-Pin Cerdip 
Package 


(See 
Packaging 
Spec., 
Order 
# 231369) 


Intel's 
87C257 
CHMOS 
EPROM 
is a 256K-bit 
5V only memory 
organized 
as 32,768 
8-bit words. 
It employs 
advanced 
CHMOS*II-E 
circuitry 
for systems 
requiring 
low power, 
high speed performance, 
and noise immuni- 


ty. The 87C257 
is optimized 
for compatibility 
with 
multiplexed 
address/data 
bus microcontrollers 
such 
as 
Intel's 
16 MHz 80C51 , 80C152, 
1l0C252, and 8 MHz 80C196. 


The 87C257 
incorporates 
latches 
on all address 
inputs 
to minimize 
chip 
count, 
reduce 
cost, 
and 
simplify 
design 
of multiplexed 
bus systems. 
The 87C257's 
internal 
address 
latch allows address 
and data pins to be 
tied directly to the processor's 
multiplexed 
address/data 
pins. Address 
information 
(inputs Ao-A14) 
is latched 
early 
in the 
memory-fetch 
cycle 
by the falling 
edge 
of the ALE 
input. 
Subsequent 
address 
information 
is 
ignored 
while ALE remains 
low. The EPROM 
can then pass data (from pins 00-07) on the same bus during 
the last part of the memory-fetch 
cycle. 


The 87C257 
is offered 
in a ceramic 
DIP package, 
providing 
flexibility 
in prototyping 
and R&D environments. 


The 87C257 
employs 
the Quick-Pulse 
Programming™ 
Algorithm 
for fast and reliable 
programming. 


Intel's 
EPI processing 
achieves 
the 
highest 
degree 
of latch-up 
protection. 
Address 
and data 
pin latch-up 
prevention 
is provided 
for stresse's up to 100 mA from 
-1V 
to Vcc + 1V. 


In order to meet the rigorous 
env ronmental 
requirements 
of automotive 
applications, 
Intel offers the 87C257 
in extended 
Automotive 
temperature 
range. 
Operational 
characteristics 
are guaranteed 
over 
the 
range 
of 
- 40·C to + 125·C ambient. 


OUTPUT ENABLE 
PROG LOGIC 


CHIP ENABLE 


AO-At4 
ADDRESS 
INPUTS 


AO-A14 
ADDRESSES 


°0-°7 
OUTPUTS 


DE 
OUTPUT 
ENABLE 


CE 
CHIP ENABLE 


ALElVpp 
Address 
Latch 
EnablelVpp 


N.C. 
NO CONNECT 


117ce04 
87C257 
87C64 


Vpp 
A~/Vpp 
Vcc 
Vcc 
A12 
A'2 
A,. 
PGM 


A7 
A7 
A13 
N.C 
As 
At 
At 
As 
As 
A5 
At 
Ag 
~ 
,.,. 
All 
A11 
A3 
~ 
OE 
OE 
A2 
A2 
A,0 
A10 
A1 
A, 
f"E 
ALE/CE 
Ao 
Ao 
0-, 
07 
00 
00 
Oe 
06 
01 
01 
05 
Os 
02 
02 
o. 
04 
Gnd 
GND 
03 
03 


290142-2 
F..,. 
2. DIPPi"ConflguratlOfl 
NOTE: 
Intel "Universal 
Site"·Compatible 
EPI~OM Pin Configurations 
are Shown 
in the Blocks 
Adjacent. 
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EXTENDED 
TEMPERATUIFIE 
(EXPRESS) 
EPROMs 


The Intel EXPRESS EPROM family receives addi- 
tional processing to enhance product characteris- 
tics. EXPRESS processing is available for several 
EPROM densities allowing the appropriate memory 
size 
to 
match 
system 
applications. 
EXPRESS 
EPROMs are available with 168 ± 8 hour, 125·C dy- 
namic burn-in using Intel's standard bias configura- 
tion. This process meets or exce'3ds most industry 
burn-in 
specifications. 
The 
standard 
EXPRESS 
EPROM operating temperature range is O·C to 
+ 70·C. 
Extended 
operating 
temperature 
range 
(- 40·C to + 85·C) EXPRESS and automotive tem- 
perature range (- 40·C to + 12~i·C) products are 
also available. Like all Intel EPROMs, the EXPRESS 
EPROM family is inspected to 0.1% electrical AQL. 
This allows reduction or elimination of incoming test- 
ing. 


AUTOMOTIVE 
AND EXPRESS 
OPTIONS 


Speed 
Packaging Options 
Versions 
Cerdlp 


-200V05 
A 


-250V05 
A 


-250V10 
A 


AUTOMOTIVE 
AND EXPRESS 
EPROM 
PRODUCT 
FAMILY 


Type 
Operating 
Burn-In 125·C 
Temperature eC) 
(hr) 


Q 
O·Cto +70·C 
168 ±8 


T 
- 40·C to + 85·C 
NONE 


L 
-40·C to + 85·C 
168 ±8 


A 
- 40·C to + 125·C 
NONE 


B 
- 40·C to + 125·C 
168 ±8 


ALE/Vpp 


A12 
A7 
As 


As 
A. 


A3 


A2 
Al 


290142-3 
~ 
~ sv 
R ~ 1Ktl 
Vcc ~ +sv 
ALElVpp 
~ +sv 
Vss 
~ GND 
CE= GND 
J5rnii = +sv 


30 }Jo.n 


AOn..J1..f 


A1rL..f 
•• 
AI. 
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Operating 
Temperature 
During 
Read 
- 40·C 
to 
+ 125·C 


Temperature 
Under 
Bias 
- 40·C 
to 
+ 125·C 


Storage 
Temperature 
-65·C 
to 
+ 150·C 


Voltage 
on 
any 
Pin with 
Respect 
to Ground 
.........•... 
-2Vto 
+7V(1) 


Voltage 
on 
Ag with 
Respect 
to Ground 
-'- 2V to 
+ 13.5V(1) 


Vpp 
Supply 
Voltage 
with 
Respect 
to 
Ground 
During 
Programming 
........• 
- 2V to 
+ 14.0V(1) 


VCC 
Supply 
Voltage 
with 
Respectto 
Ground 
-2V 
to 
+7.0V(1) 


Maximum 
Junction 
Temperature 
(TJ) 
140·C 


Maximum 
Thermal 
Resistance 


Junction 
to Ambient 
(8JA>: 


Cerdip 
....•...........•.............. 
40·C/W 


•Notice: Stresses above those listed under 'J4bso- 
lute Maximum Ratings" may cause permanent dam- 
age to the device. This is a stress rating only and 
functional operation of the device at these or any 
other conditions above those indicated in the opera- 
tional sections of this specification is not implied Ex- 
posure to absolute maximum rating conditions for 
extended periods may affect device reliability. 


READ OPERATION 


D.C. CHARACTERISTICS 
TIL 
and 
NMOS 
Inputs 
- 
40·C 
:s; T A :s; + 125·C 


Symbol 
Parameter 
Notes 
Mln 
Typ(2) 
Max 
Units 
Test 
Condition 


III 
Input Load Current 
0.01 
± 1.0 
/LA 
VIN = OV, 5.5V 


ILa 
Output 
Leakage 
Current 
0.01 
±10 
/LA 
VOUT = OV,5.5V 


IS8 
Vee Current 
Standby 
I SWitching 
10 
mA 
CE = ALE = VIH 


with Inputs-- 
I Stable 
1.0 
mA 
CE = VIH. ALE = Vil 


leel 
Vcc Current Active 
4 
30 
mA 
CE = Vll, ALE = VIH 
f = 5 MHz, lOUT = 0 mA 


Vil 
Input Low Voltage 
(± 10% Supply) 
1 
-0.5 
0.8 
V 


VIH 
Input High Voltage 
(± 10% Supply) 
2.0 
Vee + 0.5 
V 


Val 
Output 
Low Voltage 
0.45 
V 
10l = 2.1 mA 


VOH 
Output 
High Voltage 
2.4 
V 
10H = -400/LA 


los 
Output 
Short Circuit Current 
5 
100 
mA 


Symbol 
Parameter 
Notes 
Mln 
Typ(2) 
Max 
Units 
Test 
Condition 


III 
Input Load Current 
0.01 
±1.0 
/LA 
VIN = 5.5V 


ILa 
Output 
Leakage 
Current 
0.01 
±10.0 
/LA 
VOUT = 05, 5.5V 


IS8 
Vee Current 
Standby I Switching 
3 
6 
mA 
CE = ALE = V1H 


with Inputs-- 
I Stable 
100 
/LA 
CE = VIH, ALE = Vil 


leel 
Vee Current Active 
4 
15 
mA 
CE = Vll, ALE = VIH 
f = 5 MHz, lOUT = 0 mA 


Vil 
Input Low Voltage (± 10% Supply) 
-0.2 
0.8 
V 


VIH 
Input High Voltage 
(± 10% Supply) 
0.7Vee 
Vee + 0.2 
V 


Val 
Output 
Low Voltage 
0.4 
V 
10l = 2.1 mA 


VOH 
Output 
High Voltage 
Vee 
- 
0.8 
V 
10H = -2.5mA 


los 
Output 
Short Circuit Current 
5 
100 
mA 


NOTES: 
1. Minimum 
D.C. input voltage 
is -O.EN. 
During transitions, 
the inputs 
may undershoot 
to - 2.0V for periods 
less than 20 ns. 


Maximum 
D.C. voltage 
on output 
pins is Vee + 0.5V which 
may overshoot 
to Vee + 2V for periods 
less than 20 ns. 


2. !xPical 
limits are at Vcc 
= 5V, TA = + 25"C. 


3. CE Is Vee 
±O.2V. All other 
inputs 
Gan have any value within 
spec. 


4. Maximum 
current 
value 
is with outputs 
00 to 07 unloaded. 
5. Output 
shorted 
for no more than Olle second. 
No more than 
one output 
shorted 
at a time. 
los 
is sampled 
but not 100% 
tes\ed. 
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I 
Vcc 
±5% 
87C257·200V05 
87C257·250V05 
Verslons(3) 
I VCC ±10% 
87C257·250V10 
Units 


Symbol 
Characfterlstlc 
Mln 
Max 
Mln 
Max 


tACC 
Address to Output Dolay 
200 
250 
ns 


teE 
CE to Output Delay 
200 
250 
ns 


toE 
OE to Output Delay 
75 
100 
ns 


tOF(2) 
OE High to Output High Z 
40 
55 
ns 


toH(2) 
Output Hold from Addresses, CE or 
0 
0 
ns 


OE Change-Whichever 
is First 


tLL 
Latch Deselect 
Width 
55 
60 
ns 


tAL(2) 
Address 
to Latch Set-Up 
15 
25 
ns 


tLA 
Address 
Hold from LATCH 
30 
40 
ns 


tLOE 
ALE to Output Enablo 
30 
40 
ns 


NOTES: 
1. See A.C. Testing Input/Output Waveforms for timing 
measurements. 
2. Guaranteed and sampled. 
3. Model Number Prefixes: No Prefix = CEROIP. 


Input Rise and Fall Times (10% to 90%) 
10 ns 


Input Pulse Levels 
VOL to VOH 


Input Timing Reference 
Level 
1.5V 


Output Timing Reference 
Level 
VIL and VIH 


VIH 
•••• 


ADDRESSES 
) 
ADDRESS 
IN STABLE 


VIL----· 


(2) 


tOE 


NOTES: 
1. This parameter is only sampled and is not 100% tested. 
2. DE may be delayed up to tCE-toE after the falling edge of CE without impact on tCE. 


Symbol 
Parameter 
Max Units 
Conditions 


CIN 
Address/Control 
Capacitance 
6 
pF 
VIN = OV 


COUT 
Output Capacitance 
12 
pF 
VOUT = OV 


NOTE: 
1. Sampled. Not 100% tested. 


DEVICE 
UNDER 
TEST 


A.C. testing 
inputs 
are driven 
at VOH for a Logic 
"1" 
and VOL for a 
Logic 
"0". 
Timing 
measurements 
are made 
at VIH for a Logic 
"1" 
and VIL for a Logic 
"0". 
CL = 100 pF 
CL Includes Jig Capacitance 


Table 1 lists 87C257 
operating 
modes. 
Read mode requires 
a single 5V power supply. All input levels are TTL 
or CMOS except 
A9 in inteligent 
Identifier 
mode and Vpp. 
Table 1. Mode Selection 


Pins 
CE 
OE 
Ag 
Ao 
ALEI 
Vcc 
Outputs 
Mode 
Vpp 
\ 


Read 
VIL 
VIL 
X(1) 
X 
X 
5.0V 
DOUT 


Output Disable 
VIL 
VIH 
X 
X 
X 
5.0V 
HighZ 


Standby 
VIH 
X 
X 
X 
X 
5.0V 
HighZ 


Programming 
VIL 
VIH 
X 
X 
(Note 4) 
(Note 4) 
DIN 


Program Verify 
VIH 
VIL 
X 
X 
(Note 4) 
(Note 4) 
DOUT 


Optional 
Program 
VIL 
VIL 
X 
X 
Vcc 
(Note 4) 
DOUT 
Verify 
(Note 4) 


Program Inhibit 
VIH 
VIH 
X 
X 
(Note 4) 
(Note 4) 
HighZ 


inteligent 
Identifier(3) 
VIL 
VIL 
VH(2) 
VIL 
X 
Vcc 
89 H 
-Manufacturer 


inteligent 
Identifier(3) 
VIL 
VIL 
VH(2) 
VIH 
X 
Vcc 
24 H 
-87C257 


NOTES: 
1. X can be VIL or VIH. 
2. VH = 12.0V ±0.5V. 
3. AI-As. Al0-12 = VIL. A13-14 = l( 
4. See Table 2 for VCC and Vpp programming voltages. 
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The 87C257 has two control functions; both must be 
logically active to obtain data at the outputs. Chip 
Enable (CE) is the power control and the device-se- 
lect. Output enable (OE) gates data to the output 
pins by controlling the output buffer. When the ad- 
dress is stable (ALE = VIH)or lat,:hed (ALE = VIl), 
the address access time (tACe>equals the delay 
from CE to output (teE). OU.!E!:!tsdisplay valid data 
toE after the falling edge of OE, assuming tACCand 
teE times are met. 


The 87C257 reduces the hardwaro interface in multi- 
plexed address-data bus systems Figure 4 shows a 
low 
power, 
small 
board 
space, 
minimal 
chip 


87C257/microcontroller 
design. The 
processor's 


multiplexed bus (ADo.7) is tied to the 87C257's ad- 
dress and data pins. No separat'3 address latch is 
needed because the 87C257 latches all address in- 
puts when ALE is low. 


The ALE input controls the 87C257's internal ad- 
dress latch. As ALE transitions fmm VIH to VIL, the 
last address present at the addreHspins is retained. 
The OE control can then enable EPROM data onto 
the bus. 


vss vcc RST 
vcc vss 


87C257 
°0-°7 


XTAL2 


80C31 


P2 
8 
A'5 
ALE 
PSEN 
- 
P3 
8 


Figure 4. 80C31 with 87C257 
System Configuration 


The standbLmode 
substantially reduces Vcc cur- 


rent. When CE = VIH,the standby mode places the 
outputs in a high impedance stat13,independent of 
the OE input. 


EPROMs are often used in larger memory arrays. 
Intel provides two contol inputs to accommodate 
multiple memory connections. Two-line control pro- 
vides for: 
a) the lowest possible memory power dissipation, 


and 
b) complete assurance that output bus contention 


will not occur. 


To efficiently use these two control inputs, an ad- 
dress decoder should enable CE, while OE should 
be connected to all memory-array devices and the 
system's READ control line. This assures that only 
selected memory devices have active outputs while 
deselected memory devices are in low-power stand- 
by mode. 


EPROM power switching 
characteristics 
require 


careful device decoupling. System designers are in- 
terested in three supply current (ICG)issues-stand- 
by current levels, active current levels, and transient 
current peaks produced by falling and rising edges 
of Chip Enable. Transient current magnitudes de- 
pend on the device outputs' capacitive and inductive 
loading. Two-Line Control and proper decoupling ca- 
pacitor selection will suppress transient voltage 
peaks. Each device should have a 0.1 IJoFceramic 
capacitor connected between its VCCand GND. This 
high frequency, low inherent-inductance capacitor 
should be placed as close as possible to the device. 
Additionally, for every eight devices, a 4.7 IJoFelec- 
trolytic capacitor should be placed between Vcc and 
GND at the array's power supply connection. The 
bulk capacitor will overcome voltage slumps caused 
by PC board trace inductances. 


Caution: 
Exceeding 
14Von 
Vpp will permanently 


damage 
the device. 


Initially, and after each erasure, all EPROM bits are 
in the "1" state. Data is introduced by selectively 
programming "Os" into the desired bit locations. Al- 
though only "Os" are programmed, the data word 
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can contain both "1s" and "Os". Ultraviolet light era- 
sure is the only way to change "Os" to "1s". 


The programming mode is entered when Vpp is 
raised to its programming voltage (see Table 2). 
Data is programmed by applyi~£Lan8-bit word to the 
output pins (00-7)' 
Pulsing CE to TTL-Iow while 


OE = VIHwill program data. TTL levels are required 
for address and data inputs. 


Program Inhibit 


The Program Inhibit mode allows parallel program- 
ming of multiple EPROMs with different data. With 
Vpp at its programming voltage, a CE-Iow pulse pro- 
grams the desired EPROM. CE:-high inputs inhibit 
programming of non-targeted de'fices. Except for CE 
and OE, parallel EPROMs may have common in- 
puts. 


Program Verify 


With Vpp and Vcc at their programming voltages, a 
verify (read) determines that bits are correctly pro- 
grammed. The verify is performed with CE = ~ 
and DE = VIL. Valid data is available toE after OE 
falls low. 


inteligent 
Identifier™ 
Mc.de 


The inteligent Identifier Mode will determine an 
EPROM's manufacturer and device type. Program- 


ming equipment can automatically match a device 
with its proper programming algorithm. 


This mode is activated when programming equip- 
ment forces 12V ± 0.5V on the EPROM's Ag ad- 
dress line. With A1-Aa, AlO-A12 = VIL (A13-14 are 
don't care), address line Ao = VIL will present the 
manufacturer's code and Ao = VIHthe device code 
(see Table 1). When Ag = VH, ALE need not be 
toggled to latch each identifier address. This mode 
functions in the 25°C ± 5°C ambient temperature 
range required during programming. 


ERASURE 
CHARACTERISTICS 
(FOR 


CERDIP 
EPROMS) 


Exposure to light of wavelength shorter than 4000 
Angstroms (A) begins EPROM erasure. Sunlight and 
some fluorescent lamps have wavelengths in the 
3000-4000A range. Constant exposure to room-lev- 
el fluorescent light can erase an EPROM in about 3 
years (about 1 week for direct sunlight). Opaque la- 
bels over the window will prevent unintentional era- 
sure under these lighting conditions. 


The recommended erasure procedure is exposure 
to 2537A ultraviolet light. The minimum integrated 
dose (intensity x exposure time) is 15 Wsec/ cm2. 
Erasure time using a 12000 p.W/cm2 ultraviolet 
lamp is approximately 
15 to 
20 
minutes. The 


EPROM should be placed about 1 inch from the 
lamp. 
The 
maximum integrated 
dose 
is 
7258 


Wsec/cm2 (1 week @ 12000 p.W/cm2). High intensi- 
ty UV light exposure for longer periods can cause 
permanent damage. 


System reliability is enhanced by Intel's CHMOS 
EPI-process techniques. Protection on each data 
and address pin prevents latch-IJp; even with 100 
mA currents and voltages from --1 V to Vcc + 1V. 
Additionally, the Vpp pin is designed to resist latch- 
up to the 14V maximum device limit. 


The Quick-Pulse Programming algorithm programs 
Intel's 87C257 EPROM. Developed to substantially 
reduce production programming throughput time, 
this algorithm can program a 87C257 in under four 
seconds. Actual programming time depends on the 
PROM programmer used. 


The Quick-Pulse Programming al~Jorithmuses a 100 
microsecond initial-pulse followed by a byte verifica- 


tion to determine when the addressed byte is cor- 
rectly programmed. The algorithm terminates if 25 
100JLspulses fail to program a byte. Figure 5 shows 
the Quick-Pulse Programming algorithm flowchart. 


The entire program-pulse/byte-verify sequence is 
performed with Vcc = 6.25V and Vpp = 12.75V. 
When programming is complete, all bytes should.be 
compared to the original data with Vcc = 5.0V. 


Alternate 
Programming 


Intel's 27C256 and 27256 Quick-Pulse Programming 
algorithms will also program the 87C257. Byoverrid- 
ing a check for the inteligent Identifier, older or non- 
upgraded PROM programmers can program the 
87C257. See Intel's 27C256 and 27256 data sheets 
for programming waveforms of these alternate algo- 
rithms. 
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D.C. PROGRAMMING 
CHARACTERISTICS 
TA = ~5°C ± 5°C 


Table 2 


Symbol 
Parameter 
Limits 
Test Conditions 
Mln 
Max 
Unit 


III 
Input Current (All Inputs) 
1.0 
,."A 
VIN = VIL or VIH 


VIL 
Input Low Level (All Inputs) 
-0.2 
0.8 
V 


VIH 
Input High Level 
2.0 
Vcc + 0.5 
V 


VOL 
Output Low Voltagl3 During Verify 
0.4 
V 
IOL = 2.1 mA 


VOH 
Output High Voltage 
During Verify 
Vcc 
- 
0.8 
V 
IOH = -400,."A 


'CC2(3) 
Vcc Supply Current 
30 
mA 


IpP2(3) 
Vpp Supply Curren!: (Program) 
50 
mA 
CE = VIL 


VIO 
Ag inteligent 
Identifier Voltage 
11.5 
12.5 
V 


Vpp(1) 
Programming 
Voltage 
12.5 
13.0 
V 


Vccl1) 
Supply Voltage 
During Programming 
6.0 
6.5 
V 


Symbol 
Parame,ter 
Limits 
Conditions 
Mln 
Typ 
Max 
Unit 


tAS 
Address 
Setup Time 
2 
,."s 


toES 
OE Setup TimEt 
2 
,."s 


tos 
Data Setup Time 
2 
,."s 


tAH 
Address 
Hold -rime 
0 
,."s 


tOH 
Data Hold Timo 
2 
,."s 


tOFP(2) 
OE High to 
0 
130 
ns 
Output Float D'31ay 


tvpS(1) 
Vpp Setup Timl3 
2 
,."s 


tVCS(1) 
Vcc Setup Time 
2 
,."s 


tpw 
CE Program PLIse Width 
95 
100 
105 
,."s 


toE 
Data Valid from OE 
150 
ns 
. 


NOTES: 
1. Vcc must be applied simultaneousl,! or before Vpp and removed simultaneously or after Vpp. 
2. This parameter is only sampled ard is not 100% tested. Output Float is defined as the point where data is no longer 
driven-see 
timing diagram. 
3. The maximum current value is with outputs 00 to 07 unloaded. 


V1H 


Dala 


12.0 V - - - - - - 


V1H 
Address 


V1L 


12.75 
V - - - - - - - - - - - - - - - - - - - - - - - - - 


. 
v ... 
4LE/Vpp 
. ,n - - - 


6.25 V 
_ 


5.0V 


VCC 


NOTES: 
1. The input timing reference 
level is VIL = o.BV and VIH = 2V. 
2. toE and tOFP are device 
characteristics 
but must be accommodated 
by the programmer. 
3. To prevent 
device 
damage 
during programming, 
a 0.1 /LF capacitor 
is required 
between 
Vpp and ground 
to suppress 
spurious 
voltage 
transients. 


4. During 
programming, 
the address 
latch function 
is bypassed 
whenever 
Vpp = 12.75V or Ag = VH. When Vpp and Ag are at TTL levels. 
the address 
latch function 
is 


enabled, 
and the device functions 
in read mode. 


5. Vpp can be 12.75V during 
Blank Check 
and Final Verify; if so, CE must be VIH. 
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68C257 
256K (32K x 8) CHMOS UV ERASABLE PROM 
Automotive 


• 
Low Power CHMOS*U-E 
- 
100 ,."ACMOS Standby Current 


• 
High Performance Speeds 
- 
200 ns Maximum Access TIme 


• 
Quick-Pulse Programmlng™ 
Algorithm 
- 
4 Second Programming 


• 
28-Pln Cerdlp Package 


(See 
Packaging 
Spec., 
Order 
#231369) 


• 
Extended Automotive 
Temperature 
Range: -40·C 
to + 125"C 


• 
6801, 6803, 68HC11 Microcomputer 
Compatible 
-Integrated 
Address Latch 
- 
Active-High 
Chip Enable 
- 
Active-High Output Enable 


• 
Noise Immunity Features 
- 
± 10% Vcc TolerancEl 


- 
Latch-up Immunity Through EPI 
Processing 


Intel's 
68C257 
is a 256K-bit 
5V only CHMOS 
EPROM organized 
as 32,768 8-bit words. CHMOS*II-E 
circuitry 
provides 
high speed performance, 
low power, 
and noise immunity. 


High-memory 
boot-up 
locations 
and active-high 
read strobes 
are characteristics 
of 68-family 
microcomputers. 
Address 
latches and inverters 
ar,:! required when traditional 
EPROMs 
are connected 
to these microcomputers. 
The 68C257 
contains 
all of this circuitry 
in a single package 
for "no-glue" 
interfacing. 
Its integrated 
features 


reduce system cost, board spacEl, power, inventory, 
incoming 
inspection, 
and design time and ensure perform- 


ance that is superior 
to discrete· component 
alternatives. 


Address 
inputs 
incorporate 
latches 
so designers 
can tie the 68C257's 
pins directly 
to a processor's 
multi- 


plexed address/data 
pins. The irdependent 
ALE (Address 
Latch Enable) latches 
addresses 
without 
impacting 


access 
time. CE (Chip Enable) 
and OE (Output 
Enable) 
are active-high 
for "no-glue" 
interfaces 
to 68-family 
microcomputers. 


The Quick-Pulse 
ProgrammingTW 
algorithm 
quickly and reliably programs 
the 68C257 
in four seconds 
or less. 


Intel's 
EPI processing 
achieves 
the highest 
degree 
of latch-up 
protection. 
Address 
and data pins withstand 


stresses 
up to 100 mA from -1\1 to Vcc + 1V. 


In order to meet the rigorous 
environmental 
requirements 
of automotive 
applictions, 
Intel offers the 68C257 
in 


extended 
Automotive 
temperature 
range. Operational 
characteristics 
are guaranteed 
over the range of - 40·C 
to + 125·C ambient. 


OUTPUT [NABLE 
PROG 
lOGIC 


CHIP 
ENABLE 


87C64 
87C257 
I 


Vpp 
ALElVpp 


A12 
A12 
A7 
A7 
A6 
A6 
A5 
A5 
~ 
A4 
A3 
A3 
A2 
A2 
A1 
A1 
Ao 
Ao 
00 
00 
01 
01 
02 
02 
Gnd 
Gnd 


Ao-A14 
ADDRESSES 


°0-°7 
OUTPUTS 


OE,OE 
OUTPUT 
ENABLE 


CE,CE 
CHIP ENABLE 


ALElVpp 
ADDRESS 
LATCH 
ENABLElVpp 


N.C. 
NO CONNECT 


D.U. 
DON'T USE 


ALE/Vpp 


A12 


A7 


Ae 


As 
~ 


A3 


A2 


Al 


Ao 


00 
01 
02 


GND 


290141-2 
Figure 2. DIP Pin Configuration 


87C257 
87C64 


VCC 
VCC 
A14 
PGM 


A13 
N.C. 


As 
As 
Ag 
Ag 


A11 
A11 
OE 
OE 


A10 
A10 
CE 
ALE/CE 


07 
07 
06 
06 
05 
05 
04 
04 
03 
03 


NOTE: 
Intel "Universal Site"-Compatible EPROM Pin Configurations are Shown in the Blocks Adjacent. 


The Intel EXPRESS EPROM family receives addi- 
tional processing to enhance product characteris- 
tics. EXPRESS processing is available for several 
EPROM densities allowing the appropriate memory 
size 
to 
match 
system 
applications. 
EXPRESS 
EPROMs are available with 168, ± 8 hour, 12S·Cdy- 
namic burn-in using Intel's standard bias configura- 
tion. This process meets or exceeds most industry 
burn-in 
specifications. 
The 
Htandard EXPRESS 
EPROM operating temperature range is O·C to 
+ 70·C. 
Extended 
operating 
temperature 
range 
(-40·C 
to +8S·C) EXPRESS and automotive tem- 
perature range (- 40·C to +. 2S·C) products are 
also available. Like all Intel EPROMs, the EXPRESS 
EPROM family is inspected to 0.1% electrical AQL. 
This allows reduction or elimination of incoming test- 
ing. 


AUTOMOTIVE 
AND EXf)RESS 
OPTIONS 


Speed 
Packaging 
Options 


Versions 
Cerdlp 


-200VOS 
A 


-2S0VOS 
A 


-2S0V10 
A 


AUTOMOTIVE 
AND EXPRESS 
EPROM 
PRODUCT 
FAMILY 


Type 
Operating 
Burn-In 12S·C 
Temperature 
eC) 
(hr) 


Q 
O·Cto +70·C 
168 ±8 


T 
-40·C to + 8S·C 
NONE 


L 
-40·C to + 8S·C 
168 ±8 
- 
A 
-40·C to + 12S·C 
NONE 


B 
- 40·C to + 12S·C 
168 ±8 


ALE/Vpp 


Al2 


A7 


A6 
As 
A. 


A3 


A2 
A1 


Ao 
R 


290141-3 


DE ~ GND 
R = 1 KO 
Vcc ~ +sv 
ALElVpp = +sv 
Vss ~ GND CE ~ +sv 
J5GM ~ +sv 


30 J.l.s 
H 
AoJ"LflJ 


A1s-L[ 
•• 
Au 
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Operating 
Temperature 
During Read 
- 40·C to + 
125·C 
Temperature 
Under Bias 
-40·C 
to + 125·C 
Storage Temperature 
- 65·C to + 150·C 
Voltage 
on any Pin with 
Respect 
to Ground 
-2Vto 
+7V(1) 
Voltage 
on Ag with 
Respect 
to Ground 
-2V 
to + 13.5V(1) 
Vpp Supply Voltage 
with 
Respect 
to Ground 
During Programming 
- 2V to + 14.0V(1) 
VCC Supply Voltage 
with 
Respect to Ground 
-2V 
to + 7.0V(1) 


Maximum Junction 
Temperature 
{TJ} 
140·C 
Maximum 
Thermal 
Resistance 
Junction-to-Ambient 
(8JA) 
Cerdip 
40·C/W 


•Notice: Stresses above those listed under "Abso- 
lute Maximum Ratings" may cause permanent dam- 
age to the device. This is a stress rating only and 
functional operation of the device at these or any 
other conditions above those indicated in the opera- 
tional sections of this specification is not implied. Ex- 
posure to absolute maximum rating conditions for 
extended periods may affect device reliability. 


READ OPERATION 


D.C. CHARACTERISTICS 
TTL and NMOS Inputs 
- 40·C 
:5: TA :5: + 125·C 


Symbol 
Parameter 
Notes 
Mln 
Typ(2) 
Max 
Units 
Test Condition 


III 
Input Load Current 
0.01 
±1.0 
",A 
VIN = OV.5.5V 


ILa 
Output Leakage Current 
0.01 
±10 
",A 
VOUT= OV.5.5V 


ISB 
Vcc Current Standby 
I Switching 
10 
mA 
CE = VIL.ALE = VIH 
with Inputs- 
I Stable 
1.0 
mA 
CE = ALE = VIL 


leel 
Vee Current Active 
4 
30 
mA 
CE = ALE = VIH 
f = 5 MHz. lOUT= 0 mA 


VIL 
Input Low Voltage (± 10% Supply) 
1 
-0.5 
0.8 
V 


V,H 
Input High Voltage (± 10% Supply) 
2.0 
Vee + 0.5 
V 


VOL 
Output Low Voltage 
0.45 
V 
10L= 2.1 mA 


VOH 
Output High Voltage 
2.4 
V 
10H= -400 
",A 


los 
Output Short Circuit Current 
5 
100 
mA 


Symbol 
Parameter 
Notes 
Mln 
Typ(2) 
Max 
Units 
Test Condition 


ILl 
Input Load Current 
0.01 
±1.0 
",A 
VIN = 5.5V 


ILa 
Output Leakage Current 
0.01 
±10.0 
",A 
VOUT= OV.5.5V 


ISB 
Vee Current Standby 
I Switching 
3 
6 
mA 
CE = VIL.ALE = V,H 
with Inputs- 
I Stable 
100 
",A 
CE = ALE = VIL 


leel 
Vee Current Active 
4 
15 
mA 
CE = ALE = VIH 
f = 5 MHz. lOUT= 0 mA 


VIL 
Input Low Voltage (± 10% Supply) 
-0.2 
0.8 
V 


VIH 
Input High Voltage (± 10% Supply) 
0.7Vee 
Vee + 0.2 
V 


VOL 
Output Low Voltage 
0.4 
V 
10L= 2.1 mA 


VOH 
Output High Voltage 
Vee - 0.8 
V 
10H= -2.5mA 


los 
Output Short Circuit Current 
5 
100 
mA 


NOTES: 
1. Minimum D.C. input voltage is - 0.5V. During transitions, the inputs may undershoot to - 2.0V for periods less than 20 ns. 
Maximum D.C. voltage on output pins i1;Vee + 0.5V which may overshoot to Vee + 2V for periods less than 20 ns. 
2. Typical limits are at Vee = 5V. TA =, +25·C. 
3. CE is ±0.2V. All other inputs can have any value within spec. 
4. Maximum current value is with outputs 00 to 07 unloaded. 
5. Output shorted for no more than one,second. No more than one output shorted at a time. los is sampled but not 100% 
tested. 


intJ 


I 
Vcc ±5% 
68C257-200V05 
68C257-250V05 
Verslons(3) 
I 
Vcc ±10% 
68C257-250V10 
Unit 


Symbol 
Charac:terlstlc 
Mln 
Max 
Mln 
Max 


tACC 
Address to Output D'3lay 
200 
250 
ns 


teE 
CE to Output Delay 
200 
250 
ns 


toE 
OE to Output Delay 
75 
100 
ns 


tOF(2) 
OE Low to Output Hi~hZ 
40 
55 
ns 


toH(2) 
Output Hold from Adjresses, CE or 
0 
0 
ns 
OE Change-Whichever is First 


tLL 
Latch Deselect Width 
55 
60 
ns 


tAL(2) 
Address to Latch Sel-Up 
15 
25 
ns 


tLA 
Address Hold from La.TCH 
30 
40 
ns 


tLOE 
ALE to Output Enablo3 
30 
40 
ns 


NOTES: 
,. 
See A.C. Testing Input/Output 
Waveforms for timing 
measurements. 
2. Guaranteed and sampled. 
3. Model Number Prefixes: No Prefix = CERDIP. 


Input Rise and Fall Times (10% to 90%) 
10 ns 


Input Pulse Levels 
VOL to VOH 


Input Timing Reference 
Level 
1.5V 


Output Timing Reference 
Level 
VIL and VIH 


V1H 
ADDRESSES 
V1L 


V1H 
OE 
V1L 


V1H 
OUTPUT 
V1L 


NOTES: 
,. This parameter is only sampled and is not 100% tested. 
2. OE may be delayed up to teE-toE after the rising edge of CE without impact on teE. 
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Symbol 
Parameter 
Max 
Units 
Conditions 


CIN 
Address/Control 
Capacitance 
6 
pF 
VIN = OV 


COUT 
Output Capacitance 
12 
pF 
VOUT = OV 


NOTE: 
1. Sampled. Not 100% tested. 


DEVICE 
UNDER 
TEST 


A.C. testing inputs are driven at VOH for a Logic "1" 
and VOL for a Logic "0". Timing measurements are 
made at VIH for a Logic "1" and VIL for a Logic "0". 
CL = 100 pF 
CL Includes Jig Capacitance 


Table 1 lists 68C257 operating 
modes. 
Read mode requires 
a single 5V power supply. All input levels are TTL 
or CMOS except 
A9 in inteligent 
Idlentifier mode and Vpp. 


Table 
1. Mode Selection 


Pins 
CE 
OE 
Ag 
Ao 
ALE! 
VCC 
Outputs 
Mode 
Vpp 


Read' 
VIH 
VIr! 
X(1) 
X 
X 
5.0V 
DOUT 


Output Disable 
VIH 
VIL 
X 
X 
X 
5.0V 
HighZ 


Standby 
VIL 
X 
X 
X 
X 
5.0V 
HighZ 


Programming(5) 
VIL 
VIH 
X 
X 
(Note 4) 
(Note 4) 
DIN 


Program Verify(5) 
VIH 
VIL 
X 
X 
(Note 4) 
(Note 4) 
DOUT 


Optional 
Program 
VIH 
VIH 
X 
X 
VCC 
(Note 4) 
DOUT 
Verify 
(Note 4) 


Program Inhibit(5) 
VIH 
VIH 
X 
X 
(Note 4) 
(Note 4) 
HighZ 


inteligent 
Identifier(3, 5) 
VIL 
VIL 
VH(2) 
VIL 
X 
VCC 
89H 
-Manufacturer 


inteligent 
Identifier(3, 5) 
VIL 
VIL 
VH(2) 
VIH 
X 
VCC 
27H 
-68C257 


NOTES: 
1. X can be VIL or VIH. 
2. VH = 12.0V ±0.5V. 
3. A1-As. AlO-12 = VIL,A13-14 = X. 
4. See Table 2 for Vcc and Vpp programming voltages. 
5. During Inteligentldentifier Mode (Ag = VH) and Programming Modes (ALElVpp = 12.75V), CE and OE default to active- 
low enables. 
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The 68C257 
has two control 
functions; 
both must be 


logically 
active 
to obtain 
data 
at the outputs. 
Chip 
Enable (CE) is the power control 
and the device-se- 
lect. 
Output 
enable 
(OE) gates 
data 
to the 
output 
pins by controlling 
the output 
buffer. 
When 
the ad- 
dress is stable (ALE = VIH) or latched 
(ALE = VIU, 


the 
address 
access 
time 
(tACC> equals 
the 
delay 


from 
CE to output 
(teE). Outputs 
display 
valid data 


toE after the rising edge of OE, assuming 
tACC and 


teE times are met. 


The 68C257 reduces the hardware 
interface 
in multi- 


plexed address-data 
bus systems. 
Figure 4 shows a 


low 
power, 
small 
board 
space, 
minimal 
chip 


68C257/microcontroller 
design. 
The 
processor's 
multiplexed 
bus (ADo_7) is tied to the 68C257's 
ad- 


dress 
and data pins. 
No separate 
address 
latch 
is 
needed 
because 
the 68C257 
laltches all address 
in- 


puts when ALE is low. 


The 
ALE 
input 
controls 
the 
68C257's 
internal 
ad- 


dress 
latch. As ALE transitions 
from VIH to Vll, 
the 


last address 
present 
at the address 
pins is retained. 
The OE control 
can then enablE! EPROM 
data onto 


the bus. 


The 68C257 
is ideal for systems 
with program 
mem- 


ory 
at 
high-address 
locations. 
Address 
decoders 


and "glue" 
chips can be eliminated 
by simply 
tying 


address 
line 
A15 
to 
the 
active-high 
CEo 
The 
68C257's 
active-high 
OE input connects 
directly to a 
68-family 
microcomputer's 
activl~-high 
READ strobe 


("E" 
clock output). 


Vss 
Vcc 
ALE 


t::::J 
A15 
CE 


XTAL 


PORT C 
As_'. 
As-1• 


PORT 0 
68HCxx 
68C257 
PORT B 
"0-;- 
"0-7 


I'" 
00_7 
°0-7 


Figure 4. A Typical 
Mlcrocolnputer/68C257 
System Conflgumtlon 


The 
standby 
mode 
substantially 
reduces 
Vcc 
cur- 


rent. When CE = Vll, the standby 
mode places the 


outputs 
in a high impedance 
state, 
independent 
of 


the OE input. 


EPROMs 
are often 
used 
in larger 
memory 
arrays. 


Intel 
provides 
two 
contol 
inputs 
to 
accommodate 


multiple 
memory 
connections. 
Two-line 
control 
pro- 


vides for: 


a) the 
lowest 
possible 
memory 
power 
dissipation, 


and 


b) complete 
assurance 
that 
output 
bus contention 


will not occur. 


To efficiently 
use these 
two control 
inputs, 
an ad- 


dress 
decoder 
should 
enable 
CE, while 
OE should 


be connected 
to all memory-array 
devices 
and the 


system's 
active-high 
READ 
control 
line. 
This 
as- 


sures that 
only selected 
memory 
devices 
have ac- 


tive outputs while deselected 
memory 
devices 
are in 


low-power 
standby 
mode. 


EPROM 
power 
switching 
characteristics 
require 


careful 
device 
decoupling. 
System 
designers 
are in- 


terested 
in three supply current (ICG) issues-stand- 


by current 
levels, active current 
levels, and transient 


current 
peaks 
produced 
by falling 
and rising edges 


of Chip 
Enable. 
Transient 
current 
magnitudes 
de- 


pend on the device outputs' 
capacitive 
and inductive 


loading. Two-Line 
Control and proper decoupling 
ca- 


pacitor 
selection 
will 
suppress 
transient 
voltage 


peaks. 
Each device 
should 
have a 0.1 IJoFceramic 


capacitor 
connected 
between 
its Vcc and GND. This 


high 
frequency, 
low 
inherent-inductance 
capacitor 


should be placed as close as possible 
to the device. 


Additionally, 
for every eight devices, 
a 4.7 IJoFelec- 


trolytic capacitor 
should be placed between 
Vcc and 


GND 
at the array's 
power 
supply 
connection. 
The 


bulk capacitor 
will overcome 
voltage 
slumps caused 


by PC board trace inductances. 
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Caution: Exceeding 
14Von Vpp will permanently 
damage the device. 


Initially, and after each erasure, all EPROM bits are 
in the "1" state. Data is introduced by selectively 
programming "Os" into the desired bit locations. Al- 
though only "Os" are programmed, the data word 
can contain both "1s" and "Os". Ultraviolet light era- 
sure is the only way to change "Os" to "1s". 


The programming mode is entered when Vpp is 
raised to its programming voltage (see Table 2). 
Data is programmed by applying an 8-bit word to the 
output pins (00-7)' 
Pulsing CE to TTL-Iow while 
OE = VIHwill program data. TTL levels are required 
for address and data inputs. 


To simplify programming, CE and OE inputs default 
to active-low (as opposed to read modes active- 
high) enables when either Ag = VHor ALElVpp is at 
its programming voltage (12.75V). This allows pro- 
gramming equipment to identify thl~68C257 and pro- 
gram it with a standard programming algorithm. The 
68C257 uses the same programming algorithm as 
the 87C257. Programming equipment that programs 
one device can also program its counterpart. 


The Program Inhibit mode allows parallel program- 
ming of multiple EPROMs with d fferent data. With 
Vpp at its programming voltage, a CE-Iow pulse pro- 
grams the desired EPROM. CE-high inputs inhibit 
programming of non-targeted devi:es. Except for CE 
and OE, parallel EPROMs may have common in- 
puts. 


With Vpp and Vcc at their programming voltages, a 
verify (read) determines that bits are correctly pro- 
grammed. The verify is performed with CE = VIH 
and OE = VIL. Valid data is available toE after OE 
falls low. 


lnteligent 
Identlfler™ 
Mode 


The inteligent Identifier Mode will determine an 
EPROM's manufacturer and device type. Program- 
ming equipment can automatically match a device 
with its proper programming algorithm. 


This mode is activated when programming equip- 
ment forces 12V ±0.5V on the EPROM's Ag ad- 
dress line. With A1-AS' A1Q-A12 = VIL (A13-14 are 
don't-care), address line Ao = VIL will present the 
manufacturer's code and Ao = VIHthe device code 
(see Table 1). When Ag = VH,CE and OE default to 
active-low and ALE need not be toggled to latch 
each identifier address. This mode functions in the 
25°C ±5°C ambient temperature range required dur- 
ing programming. 


ERASURE 
CHARACTERISTICS 
(FOR 
CERDIP 
EPROMS) 


Exposure to light of wavelength shorter than 4000 
Angstroms (A) begins EPROM erasure. Sunlight and 
some fluorescent lamps have wavelengths in the 
3000-4000A range. Constant exposure to room-lev- 
el fluorescent light can erase an EPROM in about 3 
years (about 1 week for direct sunlight). Opaque la- 
pels over the window will prevent unintentional era· 
sure under these lighting conditions. 


The recommended erasure procedure is exposure 
to 2537A ultraviolet light. The minimum integrated 
dose (intensity x exposure time) is 15 Wsec/cm2. 
Erasure time using a 12000 JJ-W/cm2 ultraviolet 
lamp 
is approximately 
15 to 
20 
minutes. The 
EPROM should be placed about 1 inch from the 
lamp. 
The 
maximum integrated 
dose 
is 
7258 
Wsec/cm2 
(1 week @ 12000 JJ-W/cm2). High intensi- 
ty UV light exposure for longer periods can cause 
permanent damage. 


System reliability is enhanced by Intel's CHMOS 
EPI-process techniques. Protection on each data 
and address pin prevents latch-up; even with 100 
mA currents and voltages from -1 V to Vcc + 1V. 
Additionally, the Vpp pin is designed to resist latch- 
up to the 14V maximum device limit. 


tion to determine 
when 
the addressed 
byte is cor- 


rectly 
programmed. 
The algorithm 
terminates 
if 25 


100/J-s pulses fail to program 
a byte. Figure 5 shows 


.the Quick-Pulse 
Programming 
algorithm 
flowchart. 


The 
entire 
program-pulse/byte-verify 
sequence 
is 


performed 
with Vcc 
= 
6.25V 
and Vpp = 
12.75V. 


When programming 
is complete, 
all bytes should 
be 


compared 
to the original 
data with Vcc = 5.0V. 


The 
Quick-Pulse 
Programming 
algorithm 
programs 


Intel's 
68C257 
EPROM. 
Developed 
to substantially 


reduce 
production 
programming 
throughput 
time, 


this algorithm 
can program 
a 6!lC257 
in under four 


seconds. 
Actual 
programming 
time depends 
on the 


PROM programmer 
used. 


The Quick-Pulse 
Programming 
algorithm 
uses a 100 


microsecond 
initial-pulse 
followed 
by a byte verifica- 
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D.C. PROGRAMMING 
CHARACTERISTICS 
TA = 2S0C ±soC 


Table 2 


Symbol 
ParameRer 
Limits 
Test Conditions 
Mln 
Max 
Unit 


III 
Input Current (All Inputs) 
1.0 
p.A 
VIN = VIL or VIH 


VIL 
Input Low Level (All Inputs) 
-0.2 
0.8 
V 


VIH 
Input High Level 
2.0 
Vee + O.S 
V 


VOL 
Output Low Voltage 
During Verify 
0.4 
V 
IOL = 2.1 mA 


VOH 
Output High Voltage 
During Verify 
Vee - 
0.8 
V 
IOH = - 400 p.A 


lee2(3) 
Vee Supply Current 
30 
mA 


IpP2(3) 
Vpp Supply Current (Program) 
SO 
mA 
CE = VIL 


VID 
Ag inteligent 
Identifier Voltage 
110S 
12.S 
V 


Vpp(1) 
Programming 
VoltagEI 
12.S 
13.0 
V 


Vee(1) 
Supply Voltage 
Durin,~ Programming 
6.0 
6.S 
V 


Symbol 
ParametE!r 
Limits 
Conditions 
Mln 
Typ 
Max 
Unit 


tAS 
Address 
Setup Time 
2 
p.s 


toES 
OE Setup Time 
2 
p.s 


tos 
Data Setup Time 
2 
p.s 


tAH 
Address 
Hold Time 
0 
p.s 


tOH 
Data Hold Time 
2 
p.s 


tOFP(2) 
OE High to 
0 
130 
ns 
Output Float Delay 


tvpS(1) 
Vpp Setup Time 
2 
p.s 


tves(1) 
Vee Setup Time 
2 
p.s 


tpw 
CE Program Pulse Width 
9S 
100 
10S 
p.s 


tOE 
Data Valid from OE 
1S0 
ns 


NOTES: 
1. Vcc 
must be applied 
simultaneously 
or before 
Vpp and removed 
simultaneously 
or after Vpp. 


2. This 
parameter 
is only 
sampled 
and is not 
100% 
tested. 
Output 
Float 
is defined 
as the 
point 
where 
data 
is no longer 
driven-see 
timing 
diagram. 


3. The maximum 
current 
value 
is with outputs 
00 to 07 unloaded. 


12.0 V • - - - - - 


V1H 
Addre •• 
V1L 


intellgenl 
Identifier 
Intellgenl 
Identifier 
Wonufoctur.r 
Device 
1.9= 12.0V 


1.0 = V1H 


A,-8,Al0-12=VIL 


IACC 


12.75 
V • - - - - - - - - - - - - - - - - - - - - - - - - 


ALE/Vpp 
V1H • _ • 


6.25 V 
_ 


5.0V 


Ol 
VCC 
eno 


NOTES: 
1. The input timing 
reference 
level is VIL = o.BV and VIH = 2V. 


2. toE and tOFP are device 
characteristics 
but must be accommodated 
by the programmer. 


3. To prevent 
device 
damage 
during programming, 
a 0.1 ",F capacitor 
is required 
between 
Vpp and ground 
to suppress 
spurious 
voltage 
transients. 


4. During programming, 
the address 
latch function 
is bypassed 
whenever 
Vpp = 12.75V or Ag = VH' When Vpp and Ag are at TIL 
levels, the address 
latch function 
is enabled, 
and the device 
functions 
in read mode. 
5. Vpp can be 12.75V during Blank Check 
and Final Verify; 
if so, CE must be VIH. 
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In recent 
years 
the 
functionality 
of 
automotive 
systems 
has 
beem 
improved 
by 
the 
introduction 
of 
real 
time 
Electronic 
Cont:rol 
Units 
(ECUs) 
for 
engine 
management, 
anti-.lock 
braking, 
and 
other 
applications. 
For 
cus':omer 
comfort 
and 
convenience, 
body electronicB 
option"s have also 
increased, 
including 
electronic 
windows, 
seat 
control, 
and others. 
Optimi:~ation 
of 
perform- 
ance requires 
integrating 
thl~vehicle 
of the 
90s 
as 
a 
system 
rather 
than 
., grouping 
of 
individual 
modules. 
As 
a re.3ult, 
inter 
- 
communication 
between 
real 
time 
ECUs 
as well 
as 
between 
body 
electronics 
modules 
is 
required. 
By 
linking 
vehicle 
electronics 
into 
a network 
or 
combination 
of 
networks, 
a cost-effective 
solution 
which 
guarantees 
required 
performance 
and maximumflexibility 
may be obtained. 
The 
following 
features 
are 
key 
require- 
ments 
for 
distributed 
control 
and 
networking 
in automobiles: 
• 
Open 
systems 
flexibility 
• 
High 
reliabil 
ity 
in 
a noi:;y environment 
• 
Reduction 
of 
cost 
and 
manufacturing 
complex- 
ity 
• 
Minimum 
CPU 
burden 
for 
communication 
• 
Maximum 
programmer 
transparency 
• 
Guaranteed 
data 
consistenc:y 
• 
Short 
transmission 
times 
To 
date, 
no 
network 
system 
that 
meets 
all 
of 
these 
objectives 
has 
been 
available. 
This 
paper 
examines: 
in-vehicle 
networking 
applica- 
tions; 
protocol 
features 
needed 
to meet 
require- 
ments; 
the 
need 
for 
an 
automotive 
serial 
communication 
standard; 
and 
briefly 
shows 
how 
the 
protocol 
designed 
for 
in--vehicle 
communica- 
tion, 
Inter-Controller 
Area 
Hetwork, 
meets 
these 
needs. 


Automobile 
change 
is evolutionary. 
Two 
of 
the 
key 
factors 
in each 
design 
change 
are 
cost 
and 
performance. 
Component 
count 
or 
size 
reduction, 
reduced 
manufacturing 
complexity, 
and 
increased 
reliability 
(as well 
as 
fast 
and 
accurate 
repair) 
all 
reduce 
cost, 
making 
the 
car 
a more 
attractive 
purchase 
to 
the 
customer. 
Increased 
performance 
has 
the 
same 
impact. 
A 
smoother 
ride, 
higher 
fuel 
economy, 
and 
faster, 
more 
controlled 
response 
all 
in- 
crease 
customer 
satisfaction 
- 
i.e. 
"more 
bang 
for 
the 
buck". 
New 
vehicle 
designs 
and 
existing 
model 
changes 
are 
given 
the 
charter 
of 
accomplishing 
both 
of 
these 
objectives. 


The 
technology 
is 
present 
for 
the 
next 
evolutionary 
change. 
It allows 
the 
vehicle 
to 
be 
designed, 
tested 
and 
operated 
as 
a system. 
This 
technology 
is serial 
communication 
network- 
ing. 


In-vehicle 
networking, 
often 
called 
multi- 
plexin~, 
has 
been 
a discussion 
topic 
for 
years. 
It 
primarily 
addresses 
two 
areas 
- information 
sharing 
nnd 
body 
electronics 
control. 
Properly 
designed, 
the 
benefits 
which 
may 
be 
obtained 
are 
both 
large 
and 
measurable. 
The 
benefits 
may 
be 
measured 
in many 
areas 
of 
system 
cost 
reduction 
and 
performance 
enhancement, 
including: 
enhanced 
diagnostics, 
reduction 
of 
sensor 
count, 
distributed 
control, 
and 
total 
wire 
reduction. 
The 
term 
"multiplexing" 
is often 
used 
to 
describe 
many 
different 
things. 
For 
this 
paper 
it 
shall 
be 
used 
as 
defined 
by 
the 
SAE 
Multi- 
plexing 
and 
Data 
Communications 
Subcommittee: 
A 
system 
of 
transmitting 
several 
different 
messages 
On 
the 
same 
circuit 
or 
channel. 
[1) 


inter 


In-vehicle networking 
has been integrated 


into several production 
progran.s already. 
in a 


number of different 
forms. 
As sn example. 


General Motors Corporation. 
in their 1984-85 


Buick E-family 
(Riviera) combined six separate 


modules and a diagnostic 
interface into a common 


network 
(aee Figure 
1) which uses both to broad- 


cast and point-to-point 
communicationa 
[21. 


Ford Motor Company. 
in the 198~iMark VII Comtech 


program. 
integrated a CRT with 
10 different ve- 


hicle functions 
(including clit~te control, 
fuel, 


and trip information) which mal'be scanned from 
a switch panel on the steering wheel and 
controlled on the touch screen 
[31. 
These and 
other systems designs have provided 
the founda- 


tion for the development 
of optimized networks 


based 
on 
automotive 
requirements 
and 
objectives. 


The requirements 
for in-vl!hicle networking 


communication 
and 
control 
are 
c:onsistent 
(based 


on many automotive 
sources) 
but: are dependent 


upon the network 
application. 
Network applica- 


tiona may be grouped 
into threl!key typea 
(see 


Table 
1): 
body 
electronics 
"snart-power" 


control, intermediate-speed 
inl'ormation sharing; 


and high speed or res1 time control. 
These 


types have generally been labeJ.ed Types 1.2. 
and 3. 
Type-1 
for body electronics 
"smart 


power" 
control 
(lights, 
power 
Locks, 
etc.), 


Type-2 for atatus and non-critkal 
information 
sharing (display. engine. etc.}.and Type-3 
for 
real-time control 
(powertrain. chassis. etc.). 
The application 
types hsve a nllmber of require- 


ments 
in common. such as: 
hiUh reliability. 


open systellllflexibility. 
and diagnosis 


capability. 
However,several 
rnqu1rements 
are 


dependent 
on 
type, 
such 
as: 
duts 
rate, 
latency, 


and acceptable burden on the control CPU. 


Based on the above direct:,ons and require- 


ments 
(of which only a few wert!mentioned). 


there is presently no cODlllercillllyavailable 
serial communication 
protocol or protocol 


t.ple.entation which adequately meets and 
servea automotive needs. 
The following sections 


detail: 
Type-1. Type-2. and Type-3 directions; 


the requirements 
for each and ways in which 


they may be met; the basis on which an auto- 
motive protocol must be defined; and the Inter- 
Controller Area Network propoaal. 
Becauae 


Type-3 networka have the higheat perforaance 
applications. 
and the ~at 
atrict requirement a , 


they will be diacuaaed 
first, followed by 


Type-2 snd Type-1. 


Type-3. or resl-time control applications 


receive the moat exposure publicly, by their 
nature. and have the highest 
performance 


requirementa. 
While both Type-3 and Type-2 


applicationa 
perform 
information 
sharing. they 


differ in that Type-3 pasaes information 
critical 
for control 
(aee Figure 2) and Type-2 


pasaes information primarily 
for status 
(see 


Figure 3) and display purposes. 
~example 


of s Type-3 application. 
consider a distributed 


power train control application where 
the fuel 


and spark rate are being controlled 
separately. 


To 
prevent 
redundant 
sensors, 
only 
one 
of 
these 


modules needs 
to input engine speed. and that 


module has the reaponaibility 
to convert 
it to 


an easily understandable 
format and broadcast 


it to other modules requiring 
it. 
Typically. 


based on program 
loops. the other controllers 


must have this data within a maximua 
latency 


time of 5 milliseconds. 
In Type-3 networks 
the system design 
is 


critical. 
If the network and system are de- 


signed properly. performance 
may be optimized. 


interactive diagnostics 
effectively 
introduced. 


and redundancies 
removed. 
In the same way. if 


a system is not designed properly. 
damage may 


occur before diagnostics 
are invoked or the 


driver is alerted. 
Networking 
communication 
between 
electronic 


controls 
in the vehicle allows many system 


improvements. 
The objective 
is increased 


performance and reduced cost. 
Type-3 applica- 


tions achieve this in networking 
primarily 


through enhanced diagnostics. 
distributed 


control, 
algorithm 
optimization, 
and 
sensor 


reduction. 
An overview of the benefits 


obtained 
in these areas follows. 


Enhanced diagnostics 
is perhaps 
the 


driving factor for bringing 
inter-module 


communication 
into the vehicle. 
As more 


electronics 
are integrated into vehicles. 


finding and correcting problems becomes 
increasingly difficult. 
In a networked 


environment, 
a mechanic 
•• y 
electronically 


request 
information 
and 
"last 
statu." 
through 


the communication 
bus. and determine where 
the 


failure is and what correction 
ia required. 


'rYPE-l 
(BODY-ELECTRONICS 
COW1'ROLl 


'l'YPE-2 
(S'l'ATUS-'l'YPE 
Il,FORl1ATION 
SHARING) 


TYPE-3 
(REAL-'I'IME 
CONTROL) 


POWER 
LOCKS 
POWER 
SEA'rS 
POWER 
WINDOWS 
POWER 
t1IRRORS 
LAMPS 
CLIMATE 
CONTROL 
EN'rER'rAINMENT 


INSTRUMENT 
CLUSTER 
BODY 
COMPUTER 
ENGINE 
STATUS 
SUSPENSION 
STATUS 
ANTI-LOCK 
STATUS 
NAVIGA'rION 
TRIP 
COMPUTER 
DIAGNOSTICS 
CRT 


CENTRAL 
PO;/ERTRAIN 
~'UEL CONTROL 
SPARK 
CON'i'ROL 
TRANS. 
CONTROL 
AN'rI-LOCK 
SUSPENSION 
DIA(;NOSTICS 
DRIVER 
AIDS 


Throu~h 
the 
same communicat).on 
mechanism, 
the 


driver 
may 
be 
alerted 
to 
faBures 
or 
potential 


failures 
through 
information 
sent 
to 
the 
dis- 


play. 
Thus driver 
awarenes!:· is 
increased 
and 


the 
extent 
of 
potential 
damage 
from 
the 
failure 


is 
reduced. 


Distributed 
control 
is 
another 
design 


evolution 
which 
is made 
possible 
through 
in- 


vehicle 
networking. 
u.s. 
automotive 
manufac- 


turers 
primarily 
have 
been 
and 
are 
continuing 


to 
design 
integrated 
systems, 
while 
Europe 
and 


Japan 
are 
designing 
more 
distributed 
control 


networks 
[4]. 
It 
is not 
within 
the 
scope 
of 


this 
paper 
to 
discuss 
the 
trade-offs 
of 
either 


approach. 
For 
distributed 
cJntrol 
however, 


high 
speed 
serial 
communication 
networking 


enhances 
sharing 
of 
common 
d.•ta, 
higher 


performance 
algorithm 
develo1)ment 
t and greater 


fault 
tolerance. 


CPU 
availability 
is one 
of 
the 
most 


precious 
and 
important 
[actol~s 
in 
a control 


20 TO 
50 mS LATENCY 
MULTI-MASTER 
SYSTEM 


OPEN 
SYSTEMS 
FLEXIBILITY 


LOW COST 
BROADCAST 
MESSAGE 
STRUCTUKE 


LOW NOISE 
GENERATION 


MINIMUM 
CPU 
BURDEN 


PRIORITIZED 
ARBITRATION 


5 TO 50 mS LATENCY 
MULTI-MAS'rER SYS'l'EM 
OPEN 
SYSTEMS 
FLEXIBILITY 


LOW COST 
HIGH 
RELIABILITY 
PAUL'!'TOLERANCE 
• 
NOISE 
IMMUNITY 
• 
BUS 
PRO'l'ECTION 


BROADCAST 
ME~SAGE 
STRUCTURE 
MINUMUM 
CPU 
BURDEN 


PRIORITIZED 
ARBITRATION 


1 TO 
5 mS LATENCY 
MULTI-MASTER 
SYSTEM 


OPEN 
SYSTEMS 
FLEXIBILITY 


HIGH 
RELIABILITY 
FAULT 
TOLERANCE 
• 
NOISE 
IMMUNITY 
• 
BUS 
PROTECTION 


13HOADCAST MESSAGE 
S'l'RUCTURE 


MINUMUM 
CPU 
BURDEN 
PRIORITIZED 
ARBITRATION 


DATA CONSISTENCY 


system. 
Higher 
CPU 
throughput 
allows 
more 


complex 
and/or 
better 
contrOl, 
and 
a more 
competitive 
product. 
Through 
information 
or 


parameter 
passing, 
all 
the 
nodes 
in 
the 
net- 


work 
have 
access 
ta~formation 
such 
as 
a 


sensor 
Jnputs 
!lhat off 
the 
press" 
or 
the 
re- 
sults 
of 
extensive 
calculations, 
such 
as 


engine 
speed 
or 
a 
stoichiometric 
load 
variable. 


The 
nodes 
receiving 
and 
using 
such 
information 


do 
not 
have 
to go 
through 
the 
same 
computation 


themselves 
- allowing 
them 
to 
spend 
more 
time 
and 
computation 
power 
on 
other 
important 
calculations 
or 
control. 
In addition, 
they 


are 
guaranteed 
data 
consistency 
for 
inter- 


related 
control 
applications. 
IntegratinR 


control 
modules 
onto 
a network 
should 
not 
decrease 
performance 
by 
increasing 
CPU~rden. 
Sensor 
reduction 
is 
possible 
through 


information 
sharing. 
The 
sensor 
input 
may 
be 


stored 
by 
its 
primary 
user 
and 
then 
distributed 


to 
other 
controllers 
requiring 
the 
information. 
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This results in a sensor reduction but, perhaps 
more 
importantly, 
guarantees 
data 
consistency. 


The designer 
is insured that nod.esusing the 


same input information 
(engine ,peed, coolant 


temperature) will use data sensed at the same 
time. 


The 
network 
performance 
requirements 
to 
be 


met for Type-3 
(real-time control) networks 
are 


extensive and demanding. 
Based on automotive 


engineering 
inputs, the key requirements 
in 


priority are: 
• 
High reliability 


• 
High functionality 
in a noisy environment 
• 
Open system flexibility 


• 
Short 
transmission 
delay 
for 
urg~nt 


messages 
• 
Maximum 
CPU 
and 
programmer 
transparency 


To meet these 
requirements, 
the 
followin~ 
kt!y 


features 
are 
required. 
• 
High fault tolerance/isolation 
• 
Noise 
immunity, 
error 
checkin~ 


• 
Broadcast 
message 
structure 
• 
Multi-mastership, 
contention 
• 
Prioritized 
messages, 
witll bitwise 


arbitration 
• 
High data rate 
• 
Variable 
length data fields 
• 
Intelligent, 
transparent 
message 
storage 


High reliability 
is the highest priority 


requirement 
since 
system 
performance 
and 


vehicle 
"extent 
of 
damagell 
are 
directly 


dependent 
upon 
it. 
In a multi-node 
network. 
a 
single 
node 
failure 
or 
even 
multiple 
node 
failure 
cannot 
be 
allowed 
to stop 
other 
functioning 
modules 
from 
communicating. 
The 
system 
must 
be. 
by 
design. 
fault 
tolerant. 
Fault 
tolerance 
is designed 
into 
the 
communica- 
tions 
network 
in 
two 
areas 
- the 
communication 
protocol 
and 
the 
physical 
bus 
interface. 
The 
protocol 
must 
allow 
the 
network 
to remove 
an 
unstable 
node 
from 
the 
bus 
through 
either 
the 
node's 
own 
recognition 
of 
the 
problem 
or 
recognition 
by 
peer 
nodes. 
The 
physical 
inter- 
face 
to 
the 
communications 
bus 
must 
be 
designed 
to 
isolate 
electrical 
failures 
such 
as 
shorts 
or 
open 
circuits 
and 
protect 
functional 
nodes 
on 
the 
bus. 
allowing 
communication 
to continue. 
High 
functionality 
in a noisy 
environment 
is required. 
The 
control 
nodules 
in 
the 
car 
are 
exposed 
to an 
extremel)' 
harsh 
environment 
in terms 
of 
temperature. 
humidity. 
and 
electrical 
noise. 
Under-hood 
control 
applica- 
tions 
are 
exposed 
to 
the 
hl.gh voltage 
spikes 
created 
by 
the 
spark 
signal 
or 
the 
noise 
created 
by 
small 
motors 
turning 
on. 
Even 
applications 
in 
the 
passenger 
compartment 
face 
noise 
(primarily 
inductive 
actuators) 
based 
on 
the 
volume 
of 
electronics 
(:ontained within. 
Noise 
immunity 
may 
be 
achiE!ved through 
both 
individual 
bit 
security 
(via 
bit 
sampling), 
and 
message 
error 
checking 
and 
handling. 
Error 
checking 
is best 
implementE~d 
in a system 
in 
which 
all 
nodes 
in 
the 
netlo1Ork. including 
the 
transmitting 
node. 
monitor 
each 
message. 
This 
multiplies 
the 
error 
detect.ion 
performance 
and 
insures 
data 
consistency 
f(lr the 
receiving 
nodes. 
An 
error 
checking 
field 
in 
the 
message 
insures 
correc t sequence 
aTld length. 
An 
arithmetically 
computed 
value. 
based 
on 
the 
total 
message 
transmitted 
before 
the 
error 
checking 
field. 
is determ1r.ed 
by 
both 
the 
transmitter 
and 
the 
receivers. 
If the 
values 
do 
not 
match. 
the 
message 
is 
1n error 
and 
re- 
transmission 
automatically 
occurs, 
without 
CPU 
intervention. 
The 
Inter-Controller 
Area 
Net- 
work 
(ICAN) 
protocol 
(see 
Section 
7.0 
for 
de- 
tails) 
accomplishes 
each 
of 
the 
above 
tasks. 
All 
nodes 
monitor 
each 
transmission 
for 
errors, 
and 
a 
16-bit 
Cyclic 
Redundancy 
Check 
(CRC) 
is 
calculated 
for 
each 
message 
and 
used 
to confirm 
the 
message 
accuracy. 
Open 
systems 
flexibility 
allows 
"trans- 
parent" 
network 
expansion 
or 
reduction. 
The 
result 
of 
open 
systems 
design 
is that 
the 
addition 
of 
a module 
does 
not, 
unless 
it 
is de- 
sired. 
impact 
existing 
modules. 
Subtraction 
of 
a module 
does 
not 
impact 
existing 
unrelated 
modules. 
Vehicle 
designs 
change. 
Addition 
or 
subtraction 
of 
a module 
in the 
factory 
or 
at 
a 
dealership 
should 
absolutely 
not 
require 
hard- 
ware 
or 
software 
modifications 
in other 
areas 
in 
the 
vehicle. 
There 
are 
exceptions 
however, 
such 
as 
adding 
a node 
which 
provides 
new 
information 
which 
existing 
nodes 
wish 
to use. 
An 
algorithm 
change 
is 
then 
required 
for 
those 
receiving 
nodes. 
regardless. 
However. 
for 
the 


total 
system 
design. 
the 
capability 
must 
be 
present 
for 
the 
case 
of adding 
an option 
to a 
vehicle 
which 
only 
needs 
to listen 
to data 
on 
the 
communication 
bus. 
The 
concerns 
and 
requirements 
for open 
systems 
flexibility 
place 
direction 
into 
the 
message 
transmission 
mechanism. 
To 
provide 
transparency 
for 
system 
changes. 
messages 
must 
be 
transmitted 
and 
received 
by 
function 
rather 
than 
the 
physical 
location 
of 
the 
nodes 
involved. 
To 
accomplish 
this. 
the 
message 
identifier 
should 
be 
the 
data 
content 
name. 
Thus 
a broadcast 
message 
will 
be 
received 
and 
stored 
by 
anyone 
needing 
that 
particular 
information. 
and 
the 
transmitting 
node 
does 
not 
need 
to be 
concerned 
or 
even 
aware 
normally 
who 
the 
receiving 
nodes 
are. 
ICAN 
implements 
this 
open 
systems 
design 
through 
functional 
address- 
ing. 
Messages 
are 
transmitted. 
and 
received, 
based 
on 
their 
content 
- rather 
than 
physical 
addresses. 
Hence. 
any 
node 
wishing 
to receive 
"VEHICLE 
SPEED" 
may 
receive 
it without 
the 
sender 
having 
to be 
aware 
of 
its 
presence 
or 
most 
importantly 
- its 
location. 
In addition. 
if a node 
is removed 
from 
the 
network. 
any 
information 
being 
supplied 
by 
it may 
be 
supplied 
by any 
other 
module 
of 
the 
system 
designers 
choice 
- and 
the 
change 
is completely 
transparent 
to 
the 
receiving 
nodes 
(i.e. 
the 
nodes' 
hardware 
or 
software 
need 
not 
change). 
Short 
transmission 
is achieved 
through 
message 
prioritization. 
non-destructive 
arbitration. 
and 
proper 
system 
design. 
Protocol 
implementations 
using 
single-master 
control 
and 
polling 
have 
been 
found 
unsuccessful 
since 
the 
time 
latency 
and 
software 
overhead 
are 
too 
great 
to meet 
system 
requirements 
[5]. 
Multi- 
mastership 
is the 
successful 
alternative 
and 
may 
be 
implemented 
in a number 
of ways: 
1) 
Traditional 
multi-mastership 
systems 
are 
token 
bus 
and 
CSHA/CD 
(Carrier 
Sense, 
Multiple 
Access/Collision 
Detect). 
Token 
bus 
systems 
allow 
multi-mastership 
through 
passing 
the 
mastership 
with 
a "token", 
a special 
message 
or 
electrical 
signal 
[6J. 
While 
token 
bus 
designs 
have 
merit, 
they 
suffer 
1n that 
only 
one 
node 
may 
have 
mastership 
at a time 
and 
substantial 
time 
and 
logic 
is required 
to recover 
the 
system 
if a node 
goes 
down, 
especially 
if the 
node 
has 
the 
token. 
2) 
The 
CSMA/CD 
protocol 
allows 
simultaneous 
mastership, 
where 
a node 
may 
transmit 
any 
time 
the 
bus 
is 
free. 
The 
drawback 
in the 
traditional 
approach 
however. 
is that 
if 
two nodes 
begin 
transmitting 
at 
the 
same 
time 
the 
message 
will 
be 
destroyed 
and 
each 
node 
will 
back 
off 
the 
bus 
for 
a random 
time. 
This 
creates 
substantial 
time 
loss 
and 
the 
need 
for 
increased 
timer 
logic 
in 
the 
system. 
3) 
A successful 
alternative 
may 
use 
bitwise 
arbitration 
on 
a contention 
bus, 
allowing 
non- 
destructive 
collisions 
- i.e. 
the 
highest 
priority 
wins. 
The 
physical 
bus 
has 
a dominant 
logic 
state 
(often 
110"). 
and if 
two 
nodes 
begin 
transmitting 
simultaneously, 
the 
node 
which 


inter 


transmits a recessive bit Ur"t 
will 
lose the 
arbitration. 
This happens bec:ause the -other 
node transmitted 
a dominant bl.t in the same bit 
time 
and 
wrote 
"over" 
it. 
By 
monitoring 
the 
bus during transmission, 
the l.osingnode 
then 
backs off and becomes 
a receiver. 
To achieve 


maximum performance, 
the priority 
level assigned 
should be integrated 
into the identifier 
field. 


The result is that the highest 
priority messages 


are assigned 
the highest 
priority names, 


guaranteeing 
that they will w:en aribtration 
and 


transmit with minimum 
latency.. 
ICAN implements 
bitwise arbitration 
as described 
above. 
Hence 
the bus is always used at 100 percent 
efficiency 
- even when collisions 
occur. 
By placing 
the 


priority 
in the identifier 
U"ld, 
ICAN also 


reduces 
the number 
of bits per message, 
reducing 


the bus load and the latency time. 


To be accepted, 
the network 
should not re- 


duce the performance 
of the e,dsting 
controllers 


in the vehicle. 
The controll"r 
CPUs are often 


near their throughput 
limit and cannot be re- 


quired 
to dedicate 
substsntial. time to control- 
ling the communication. 
Secondly, 
system 
designers and software prograr~ers 
should not be 
required 
to know the complete 
logical operation 


of the communication 
interfacE!, since engineer- 


ing development 
time for production 
programs 
is 


valuable 
and short. 
In the ICAN design 
the 
communication 
interface 
is buffered 
such that 
the programmer 
and CPU need only store, 
in their 


own RAM, information 
to be transferred 
to other 
controllers. 
The on-chip 
intE!rface logic then 


transfers 
this new information 
from the RAM to 


the bus, completely 
transparent 
to the CPU. 
The 
received messages 
are handled 
in the same manner. 
As 
a 
result, 
all 
framing, 
sertalization, 
error 
detection, 
and 
retransmission 
are 
performed 


transparent 
to the CPU. 
The CPU is alerted 
how- 
ever, 
when 
involvement 
is 
required 
for 
failure 
diagnosis, 
such as when a nOdE!or series 
of 


nodes fail (and system or algorithm 
modification 


is required). 


Likely network 
designs wHl 
primarily 
link 
four 
major 
areas: 
powertrain, 
chassis, 
diagnostics 
and driver aids. 
Powertrain 
electronics may be distributee[ either within 
a 
physical module 
(box) or betwE!en modules.- 
The 
functional partitioning 
and informacion 
passed 
will probably be the same, regardless 
of 
physical partitioning. 
Power train areas 
include 


control 
functions 
such as spat'k, fuel, 
and trans- 
mission. 
Chassis 
electronics 
include control of: 
suspension, 
anti-lock braking, 
traction, 
and 
collision prevention. 
DiagnoE_tics includes both 
monitoring 
responsibilities 
(like data logging 


of failures), and interactive 
control 
(to protect 
and modify 
the system in fail.,re situations 
and allow the driver 
to get he-me). 
Driver 
aids 
are primarily 
a Type-2 
functie-n, but are in- 


tegrated in Type-3 
to alert 
the driver of 


potential 
failures and/or dan@:er. 


Type-3 networks will probably 
be the last 


chronologically, 
of the three applications 
to 


reach production 
in U.S. programs. 
This is 


primarily due to cost and perceived 
need. 
The 


high bus rates needed by Type-3 networks 
re- 


quire more costly medias 
-(and their respective 


drivers)- 
such as coax, twin shielded pair, or 


fiber optics. 
In the case of fiber optics the 


technology 
is not completely 
present 
(a low 


loss 
HT" connection 
has 
not 
been 
proven). 
The 


perceived need has not reached 
the required 


level yet because Type-3 networks 
are an 


optimization 
rather than a solution 
to an 


immediate problem. 


Type-2 applications 
provide 
status and 


display data communications 
between 


intelligent modules, 
compared 
to Type-3 
applications 
which pass distributed 
control 


information. 
Potential 
systems may network 


modules 
or 
functions 
such 
as: 
entertainment, 


displays, 
climate control, 
engine status, 
trip 


computer, 
etc. 
The primary 
functions of 


Type-2 networks are to pass important but not 
critical 
information. 
While Type-3 applica:- 


tions are the most demanding, 
and Type-l 


applications 
have been the most 
frequently 


discussed, 
Type-2 networks will 
likely see 


production 
first on a broad base, because 
they 


offer the highest 
immediate benefit. 


The benefits 
that can 
Type-2 network 
are similar 
but 
more 
easily 
measured. 


• 
reduced 
sensor 
count 
• 
increased diagnostics 
• 
reduction 
in manufacturing 
complexity 


• 
distributed 
modules 
• 
increased 
driver 
awareness 
Reduced 
sensor count is an immediately 


measurable 
benefit. 
Electronic 
diaplays 
are 


rapidly becoming 
the nOrm, and are chartered 


with displaying as much information 
as the 


driver can understand, with as much clarity as 
possible. 
The displayed 
information 
comes from 


many functional systems 
in the vehicle, 
such as 


powertrain, 
chassis. 
and 
entertainment. 
To 


show the information, 
the display may have 


either: 
independent 
sensors 
for all the 


information, 
dedicated 
signal lines to each 


functional system, or a common bus which 
links 


the modules 
together. 
Networking 
implements 
the 


latter. 
The primary user of an input is 


typically assigned 
the dedicated 
sensor and is 


responsible 
for broadcasting 
the data to other 


nodes requiring 
it. 
As a result, 
the display 


may obtain 
its data without 
having a full 


compliment 
of sensors, and at the same time be 


assured 
that its data is the same being used by 


related control modules. 


be obtained 
in a 


to those of Type-l 
They include: 


Increased 
diagnostics 
may 
be 
achieved 
in 


three 
areas. 
Firat, 
failures 
may 
be 
rapidly 
and 


accurately 
diagnosed 
by 
a 
technician. 
Second, 
interactive 
"running" 
diagnostics 
may 
help 
the 


system 
to 
function 
adequately 
to 
get 
the 
driver 


to a repair 
stations. 
And 
third, 
factory 
auto- 


mation 
is enhanced 
by 
providing 
the 
capability 


for 
individual 
systems 
to be 
tested 
before 


being 
placed 
in 
the 
vehicle 
or 
leaving 
the 


factory. 
An 
example 
of 
the 
latter 
is General 


Motors' 
Assembly 
Line 
Diagnostic 
Link 
(ALDL) 


which 
allows 
the 
manufacturer 
to perform 


diagnostic 
tests 
on 
the 
vehicle 
before 
it 
leaves 


the 
assembly 
line 
[2]. 
This 
reduces 
field 


failures 
and 
thus 
increases 
qlJality while 
re- 


ducing 
long 
term 
warranty 
overhead. 


Distributed 
systems 
may 
be 
more 
easily 
de- 


signed 
and 
give 
much 
higher 
reliability 
with 


proper 
networking. 
This 
attr:Lbute 
does 
not 


differ 
from 
the 
discussion 
of Type-I 
applica- 


tions. 
The 
primary 
difference 
may 
be 
found 
in 


the 
benefit. 
A 
large 
portion 
of 
Type-2 


functions 
are 
"options". 
Thul;, 
a building 
block 


approach 
may 
be 
designed 
which 
gives 
the 


customer 
what 
he 
desires 
and 
(:an reduce 
his, 
as 


well 
as 
the 
manufacturer's, 
price 
appropriately. 


A~ 
an 
example, 
electronic 
instrument 
clusters 


cover 
a broad 
spectrum 
in 
feat.ures and 
perform- 


ance. 
Typically, 
the 
modules 
have 
been 
in- 


ternally 
generic 
since 
all 
thE 
information 
was 


required 
for 
a 
superset 
display. 
Entry-level 


displays 
using 
the 
same 
electronics 
cost 
both 


the 
manufacturer 
and 
the 
customer 
more 
per 


feature. 
Using 
distributed 
information 
net- 


working, 
the 
displays 
may 
be 
designed 
as 
build- 


ing 
blocks 
to· the 
superset; 
thus 
entry 
level 
displays 
obtain 
a more 
proportional 
cost. 


Directly 
related 
to 
the 
displays 
is 
in- 


crea~ed 
driver 
awareness. 
While 
real-time 


control 
information 
may 
be 
difficult 
for 
the 


driver 
to 
interpret 
and 
monitor, 
status 
informa- 


tion 
such 
as 
oil 
pressure, 
engine 
temperature, 


and 
fuel 
level 
are 
very 
import,:lnt. 
From 
this, 


the 
driver 
may 
quickly 
be 
alerted 
to 
failure 


conditions 
and 
respond 
appropriately. 


Type-2 
network 
requirements, 
for 
the 
most 


part, 
are 
as 
extensive 
but 
not 
as 
demanding 
as 


Type-3 
requirements. 
As 
an 
eXCLmple, 
acceptable 
data 
latency 
is based 
on 
human 
perception 
rather 


than 
mechanical 
response. 
ThuEi the 
latency 
time 


can 
extend 
from 
the 
Type-3 
reql.irement 
of 
5 
milliseconds 
up 
to as 
high 
as 
;0 milliseconds. 
System 
cost 
plays 
an 
important 
role 
and 
Type-2 
networks 
are 
much 
more 
cost 
conscious 
relatively 
than 
Type-3. 
Briefly, 
the 
overall 
requirements 


include: 


• 
Open 
systems 
flexibility 
• 
Intermediate, 
but 
predictable 
latency 
• 
Minimal 
CPU 
burden 
• 
Low 
cost 
• 
No 
measurable 
noise 
generated 
in AM 
or 
FM 
band 
• 
Wide 
product 
offering 


Open 
systems 
flexibility 
and 
acceptable, 


predictable 
latency 
have 
been 
discussed 
for 


Type-3 
networks. 
The 
same 
general 
requirements 


hold 
true 
here. 
The 
system 
must 
be 
designed 


such 
that 
the 
addition 
or 
subtraction 
of 
a 


module 
does 
not 
necessarily 
require 
that 


existing 
modules 
in 
the 
vehicle 
require 


modifications. 
ICAN 
resolves 
this 
problem 


through 
functional 
messages 
- messages 
which 


are 
sent 
based 
on 
content 
and 
received 
based 


on 
content. 
The 
acceptable 
latency 
for 
Type-2 


systems 
is an 
order 
of 
magnitude 
greater 
than 


Type-I 
systems. 
The 
information 
is display- 


based 
or 
status-based, 
and 
as 
such 
need 
only 
be 


updated 
f~ster 
than 
human 
perception. 
An 


example 
of 
this 
is 
the 
clctronic 
tachometer. 


When 
the 
driver 
accele,ates 
sharply, 
he 


expects 
to 
see 
an 
"almost 
immediate" 
increase 


in 
the 
tachmoeter 
display. 
While 
50 milli- 


seconds 
delay 
would 
go 
unnoticed, 
100 milli- 


seconds 
may 
cause 
him 
concern 
about 
his 
engine 


or 
powertrain 
response. 


Processing 
requirements 
are 
not 
3S 


stringent 
for 
Type-2 
applications 
as 
for 


Type-I, 
but 
this 
allows 
lower 
cost 
micro- 
controllers 
to be 
used. 
Adding 
the 
control 


module 
to 
the 
network 
requires 
an 
enhancement 
- 


either 
a more 
powerful 
processor 
to handle 
the 


interface 
in software, 
or 
dedicated 
10Rie 
to 
allow 
the 
system 
designer 
to 
continue 
using 
his 


existing 
design. 
The 
latter 
enhancement 
has 


some 
merit 
- the 
designer 
need 
not 
re-write 
his 


application 
software 
and 
may 
link 
to 
the 
network 


by 
simply 
storing 
and 
receiving 
information 
from 


the 
RAM array. 
It 
is 
important 
at 
this 
point 
to understand 
several 
considerations. 
First, 
a contention 


network 
has 
been 
consistently 
chosen 
for 
this 
application 
because 
it performs 
well 
with 
random 
changes, 
with 
broadcast 
messages, 
and 
allows 


the 
most 
efficient 
use 
of 
the 
bus. 
HOWEVER, 
the 


traditional 
contention 
network 
is not 
acceptable 


for 
the 
following 
reasons: 


a) 
Destructive 
collisions 
with 
random 
back- 


off 
schemes 
remove 
any 
means 
to predict 


performance, 
and 
heavily 
load 
the 
bus. 


b) 
Lack 
of 
arbitration 
in 
the 
case 
of 


collisions 
removes 
the 
capability 
for 


prioritization 
- important 
messages 
have 
no 


way 
of 
being 
assured 
of 
bus 
access 
within 


their 
acceptable 
latency. 
For 
these, 
and 
other 
requirements 
which 
will 
be 


discussed 
later, 
leAN 
was 
designed 
- and 
per- 


forms 
as 
a true 
automotive 
protocol. 
Through 


hardware 
logic, 
lCAN 
performs 
bitwise 


arbitration 
so 
that 
in 
the 
case 
of 
a collision 


(a) one 
message 
will 
win 
and 
continue 
to 


transmit, 
and 
(b) 
the 
winner 
will 
be 
the 
highest 


priority 
of 
the 
colliding 
messages. 
Standard 
serial 
interfaces 
of 
existing 
microcontrollers 


do 
not 
allow 
this 
capability. 
The 
arbitration 


in 
today's 
devices 
would 
be 
done 
destructively. 


In addition, 
error 
checking 
would 
not 
be 


completed 
until 
long 
after 
the 
message 
is 


complete, 
raising 
a number 
of 
complications. 


To 
support 
the 
needed 
capo,bil ity 
then, 
new 
logic 
must 
be 
developed 
and 
supported 
on 
a wide 
product. base. 
To meet automotj,ve 
manufacturers 
requirements, 
this 
product 
bas" 
should 
include 
both 
8 and 
16 bit 
CPUs, 
on 
ind"stry 
standard 
architectures. 
This 
takes 
plac:e in 
two 
ways: 
(a) 
the 
logic 
is 
integrated 
inl,o the 
same 
micro- 
controller 
architectures 
being 
used 
now, 
which 
prOVides 
the 
highest 
performan(,e 
and 
most 
transparent 
interface, 
and 
(b) a stand-alone 
peripheral 
is 
required 
to 
allo\l microcontroller 
architectures 
not 
having 
(at 
that 
time) 
the 
new 
serial 
interface 
to 
be 
linked 
to 
the 
network. 
(Planned 
products 
and 
directions 
will 
be 
discussed 
in 
later 
papers.) 
One 
of 
the 
primary 
concerr,s 
in Type-2 
spplications 
is 
the 
electrical 
noise 
which 
could 
be 
generated 
by 
waveforms 
tram:mitted 
on 
the 
communication 
bus. 
Type-2 
applications, 
for 
manufacturing 
and 
cost 
reasons, 
would 
like 
to 
use 
as 
little 
shielded 
media 
s.' possible 
and 
as 
a 
result 
are 
very 
sensitive 
to 
noise. 
Radio 
Frequency 
Interference 
(RFI) 
h, unattractive 
to 
customers if noticable. 
and th\;,s unacceptable 
to automotive 
manufacturers. 
As 
a result, 
extensive 
research 
is being 
corducted 
by 
both 
automotive 
manufacturers 
and 
SEmiconductor 
suppliers 
to examine 
the 
trade-offs 
between 
bus 
medias, 
bus 
rates. 
and 
bus 
drivers/trancelvers. 


The 
implementation 
of 
net.'orks 
has 
already 
begun. 
Many 
automotive 
manufacturers 
have 
either 
designed 
or 
are 
in 
the 
frocess 
of 
design- 
ing 
in-vehicle 
networks 
using 
froprietary 
protocols. 
In 
the 
United 
States, 
automotive 
manufacturers 
already 
have 
production 
programs 
or 
will 
have 
in 
the 
near 
future 
(including 
GH's 
E-K 
programs 
[2] and 
Ford's 
Comtech 
program 
[3]. 
European 
automotive 
manufacturers 
have 
begun 
in-vehicle 
electronic 
development 
later 
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than 
U.S. 
manufacturers 
(due 
to emission 
and 
mileage 
constraint 
differences) 
but 
have 
made 
significant 
progress 
and 
will 
be 
very 
compet- 
itive 
in 
this 
area. 


Type-l 
applications 
are 
responsible 
for 
much 
of 
the early 
discus&ion 
of multiplexing, 
and 
hold 
high 
implementation 
potential. 
As 
shown 
in 
the 
examples 
in 
Figure 
4. 
Type-l 
applications 
network 
what 
are 
commonly 
called 
"body 
electronics". 
Body 
electronics 
encompass 
non-real-time, 
non-Ubig 
box" 
controls 
as a 
rule, 
meaning 
that 
body 
electronics 
includes: 
lamps, 
locks, 
windows, 
seats, 
displays, 
pod 
controls, 
etc. 
Many 
of 
the 
controls 
are 
switch 
inputs 
and 
outputs, 
being 
command 
controlled 
such 
as: 
"PARKING 
LIGHTS 
ON". 
"DOOR 
LOCKS 
OFF". 
"WINDOW 
DOWN". 
However. 
small 
motors 
are 
also 
encompassed 
for controls 
such 
as 
"MOVE 
SEAT 
BACK 
UNTIL. •.••. 
Type-l 
system 
changes 
are 
much 
more 
randon 
than 
Type-2 
or 
Type-3 
since 
they 
are 
usually 
initiated 
by 
the 
driver 
or 
passengers. 
Type-! 
messages 
are 
command 
type. 
as 
described 
above. 
Since 
Type-l 
actions 
are 
driver 
initiated 
~nd 
monitored. 
message 
latency 
and 
system 
response 
time 
are 
dependent 
on driver 
perception. 
Based 
on 
automotive 
research, 
human 
perception 
to ~ 
chan~e 
is not 
less 
than 
50 milliseconds. 
Based 
on 
relative 
system 
cost, 
Type-l 
networks 
are 
much 
more 
cost-conscious 
than 
Type-2 
or Type-) 


{7}. 
However, 
for optimum 
vehicle 
performance 


and 
diagnostics, 
a standard 
protocol 
which 
meets 
the needs 
of both 
networks 
should 
be used. 
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• 
Increased 
diagnostics 
• 
Signal 
wire 
reduction 
• 
Migration 
of 
cost 
to 
individual 
functions 
• 
Greater 
reliability 
anti fault 
tolerance 
The 
benefits 
achieved 
in 
increased 
diagnos- 


tics 
and 
greater 
reliability 
and 
fault 
tolerance, 


as well 
as 
the mechanism 
for which 
they 
may 
be 


achieved, 
were 
detailed 
during 
the 
Type-3 


discussion. 
An 
overview 
foll.ows, which 
describes 


the 
benefits 
obtained 
in 
signal 
wire 
reduction 


and 
migration 
of 
cost. 


The 
amount 
of 
body 
electronics 
in auto- 


mobiles 
has 
grown 
rapidly. 
I'eatures 
such 
as 


electronic 
seat 
control, 
pOWfr 
windows 
and 
locks, 


remote 
radio, 
and 
keyless 
entry 
have 
brOu~lt 


significantly 
higher 
wiring 
content 
and 
complex- 


ity. 
While 
wire 
cost 
is relstively 
small, 
the 


manufacturing 
impact 
of 
increased 
wire 
is 


substantial. 
Increased 
wire 
content 
consumes 


larger 
space 
(now 
considered 
precious 
and 


difficult 
to 
find) 
in 
the 
vehicle 
and 
extends 


the amount 
of 
labor 
required 
for 
installation. 


Through 
serial 
communication, 
multiplexing 


reduces 
a 
large 
bundle 
of wires 
down 
to two 
or 


four. 
Based 
on th~ 
data 
rates 
required, 
the 
bus 


media 
may 
be 
twisted 
or 
even 
untwisted 
pair. 


Networking 
the 
body 
electronics 
through 


multiplexing 
is perceived 
as 
the correct 


direction 
by many. 
However, 
there 
are 
a number 


of 
considerations, 
focusing 
primarily 
on 
cost. 


To 
be 
cost 
effective, 
a desi~,should 
either 


reduce 
cost 
or 
he 
"value-added" 
and 
preferably 


should 
achieve 
both. 
Diagnos~ics 
snd 
reliabil- 


ity, 
which 
are 
difficult 
to ml!aSUre in dollars, 


provide 
the 
value-added 
benef:lt; 
while 
reduced 


manufacturing 
complexity 
and 
cost 
migration 
to 


functions 
provide 
the 
cost 
reductions. 
Through 


distributed 
intelligence 
using 
either 
zone 


controllers 
or 
smart 
power 
(afi the 
technology 
grows), 
individual 
options 
take 
on 
the burden 


of 
their 
control 
electronics. 
The 
result 
is a 


"building 
block" 
design 
through 
which 
cost 
is 


increased 
incrementally 
as 
option 
content 
goes 


up. 
The 
buyer 
pays 
proportionally 
for 
the 


options 
in his 
vehicle 
rather 
than 
for 
things 


not 
required 
since 
"they 
are 
already 
there" 
for 


high 
option 
vehicles. 


The 
network 
performance 
requirements 
of 


Type-l 
networks 
are 
overlapped 
by 
those 
of 
types 
2 and 
3. 
They 
are 
primarily 
bosed 
on 
the 
system 


factors 
of dynamic 
requests, 
driver 
perception, 


and 
low 
cost. 
Based 
on automotive 
engineering 


inputs, 
the 
key 
requirements 
are: 


• 
High 
reliability 


• 
Open 
system 
flexibility 
• 
Low 
bus 
speed 
capability 
(5-25 
K bits/ 


second) 
• 
Low 
cost 
• 
Low 
noise 
generation 


The 
reliability 
and 
open 
systetl discussion 
will 


not 
be 
repeated 
here. 
However, 
it is important 


to note 
that 
the 
selected 
bus 
"peed 
is 
typically 


the 
lowest 
speed 
that 
will 
still 
guarantee 
the 


maximum 
latency. 
As 
an example. 
when 
the driver 


touches 
the 
lock 
switch, 
he 
expects 
"immediate" 


response. 
If 
this 
does 
not 
occur 
within 
his 


perception 
of 
immediate, 
he 
will 
touch 
the 


switch 
again, 
thinking 
that 
it was 
not 
correctly 


initiated 
the 
first 
time. 
This, 
on 
a 


repetitive 
basis, 
causes 
customer 
frustration 


and/or 
irritation 
and 
is unacceptable. 


Cost 
is a very 
key 
factor 
in Type-l 


implementations. 
However, 
if the 
"go/no-go" 


decision 
is based 
purely 
on 
saving 
current 


dollars, 
systems 
usually 
won't 
reach 
production. 


While 
the 
bulk 
of 
the wire 
may 
be 
reduced, 
the 


quantity 
of 
cut 
leads 
(where 
cost 
is determined) 


will 
not 
be 
reduced. 
The 
real 
cost 
savings 
is 


In manufacturing 
time 
and 
complexity, 
and 
in the 


lifetime 
cost 
for 
vehicle 
diagnostics. 


As 
an 
example 
of wire 
bulk 
reduction, 
there 


are 
52 wires 
leading 
into 
the 
door 
of 
a Cadillac 


[81. 
By multiplexing,this 
could 
be 
reduced 
to 


four 
wires. 
Not 
only 
does 
this 
simplify 


installation 
of 
the wiring 
harness, 
it enhances 


total 
assembly. 
Vehicles 
are 
often 
assembled 
in a udoors 
off" 
technique. 
in which 
the doors 


are 
assembled 
and 
instrumented 
separately 
from 


the 
passenger 
compartment, 
then 
joined 
later 
in 


the 
assembly 
line. 
Because 
of 
the 
bulk 
of wires 


leading 
from 
the passenger 
compartment 
to the 


door, 
present 
techniques 
require 
the enlargement 


of 
the connectors 
to the point 
where 
future 


programs 
would 
become 
virtually 
impossible. 


Type-l 
applications 
have 
obtained 
a grest 


deal 
of exposure, 
and 
in many 
areas 
are per- 


ceived 
as 
a positive 
and 
necessary 
evolution. 


The 
primary 
area 
limiting 
their 
growth 
is the 


cost 
trade-off. 
Bulk 
wire 
is considered 
"free" 


in comparison 
to other 
system 
factors. 
since 


the number 
of cut 
leads 
remains 
the 
same. 


Removing 
25 
pounds 
of 
copper 
from 
the 
vehicle 


is not 
a significant 
savings. 
However, 
there 


are 
three 
key 
factors 
which 
will 
push 
the 


system 
into 
production: 
simple 
nodes, 
bus 


presence, 
and 
smart 
power. 
Simple 
nodes 
are 
devices 
that 
do not 
re- 


quire 
or 
have 
a CPU. 
They 
simply 
convert 


commands 
to 
input/output 
levels 
and 
shift 
them 


to the 
external 
drivers. 
As 
VLSI 
devices, 
the 


simple 
nodes 
are 
very 
small, 
relative 
to 


existing 
high 
integration 
microcontrollers. 
and 


provide 
a much 
lower-cost 
product 
in a smaller 


package. 
The 
simple 
nodes 
can 
provide 
an 


interface 
between 
intelligent 
controllers 
on 
the 


bus 
and 
external 
I/O. 
They 
switch 
drivers 
on/ 


off 
based 
on 
instructions 
and 
detect 
changes 
on 


inputs. 
broadcasting 
those 
changes 
and 
status 
to 


the 
bus 
automatically. 
Once 
the 
physical 
bus 
has 
been 
integrated 


into 
the 
vehicle, 
attaching 
nodes 
to 
it 
is far 


less 
costly 
than 
the 
initial 
step. 
As 
a 
result, 


Type-l 
applications 
may 
very 
well 
make 
their 


appearance 
in volume 
once 
the Type-2 
system 
has 
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already been placed in the veh:lcle, using the 
same 
bus. 
"Smart 
power" 
devices 
are 
components 
on 


which low voltage 
signals 
(input) can control 
high voltages and currents 
(output), on the same 
component. 
Because 
the two process technologies 


are traditionally 
separate and incompatible, 


they have not had a significant: impact yet on 
the 
market. 
As 
"smart 
power" 
technology 
matures, 


Type-l designs will expand. 
The component 
reduction and easier packaging 
capability will 
allow more distributed 
capabiU.ty. 
Regardless 


of time and technology though, Type-l systems 
solve 
very 
real 
manufacturing 
problems 
and 


production programs are being Implemented. 


In-vehicle networking may be separated 


functionally, 
and perhaps physically, 
into 


three areas: 
real-time control, status-type 


data sharing, and body electronics 
control. 


While each of the areas addresses different 
applications 
and has different 
specific require- 


ments, the basic needs are the same. 
Needs 


which are common 
include: 


• 
Reliability 
• 
Functionality 
in a noisy environment 


• 
Open system flexibility 
• 
Low 
noise 
generation 
• 
Minimal 
CPU burden 
• 
Variable 
length data field. 
• 
Programmer 
transparency 


Specific requirements which are not common 
include: 


• 
Maximum 
data latency 
• 
Bus data rate 
• 
Required data consistency 
Although 
in-vehicle networking 
applications 


really have many of the same requirements, 
the 
differences 
lie primarily 
in thl!rate at which 


the actions occur. 
Based on growing vehicle 
needs, networking will reach - nnd in many cases 
already has reached - production, 
and the net- 


works will eventually 
encompass all three 


applications. 
The applications 
mayor 
may not be 


connected on the same physical lus, but there 
will be a need to communicate 
between 
the three 


application 
types. 
To effectively 
network 
the vehicle and 


allow inter-communication 
between 
the applica- 


tion types, one positive approach 
is to tR- 


plement a common protocol 
throughout 
the vehicle. 


This allows straightforward 
communication 
between 


the different application 
buses 
- and more 


importantly allows one diagnostic 
tool to service 


the vehicle, compared to possibly 
three tools to 


service three protocols 
in the s.me vehicle. 


The protocol needs to be able to meet the above 
needs and function effectively ~~ 
~ ~ 
~ 


rate range. 
The protocol, 
as a ',esult,must be 


cost conscious for the Type-l ap!,lications, but 
not limit the Type-3 application'l in performance. 


To determine 
the acceptable cost trade- 
offs it is necessary 
to examine 
the total system 


cost for each alternative, 
in addition to the 


component cost. 
A perceived advantage of having 


different protocols for each application 
in the 
vehicle is: 
• Reduced silicon overhead for lower type 
applications 
Which must be compared to the perceived dis- 
advantages of: 
• 
Multiple diagnostic interfaces 
• 
Comparative 
complexity of gateways 
• 
System engineer's knowledge requirements- 
understanding 
three protocols 
• 
Increased supplier support requirements 
These 
issues are by no means straightforward, 
and 


must be carefully evaluated. 
It is not within 


the scope of this paper to perform 
this evalua- 


tion. 
Based on the direction that a common 


protocol is required, however, 
the Inter- 


Controller Area Network 
(ICAN) has been developed 


to meet all of the above needs. 
It is briefly 


discussed 
in the following section. 


7.0 THE INTER-CONTROLLER 
AREA NETWORK - A 


BRIEF SUMMARY 


The Inter-Controller 
Area Network 
(ICAN) is 


serial communication 
protocol designed specif- 


ically for in-vehicle networking. 
It provides 


a powerful 
means 
for 
data 
communication 
and 


control 
information transfer. 
The ICAN principle 


is to support a global network of multimaster 
nodes consisting of the control CPU 
(if the 
application 
requires it) and the ICAN interface. 


The CPU controls the attached process by its I/O 
lines; 
transfer 
of 
messages 
between 
different 


nodes is initiated by the CPU but actually 
executed by the ICAN interface. 
The ICAN inter- 


face may be integrated onto the microcontroller 
or a separate peripheral. 
The interface consists 


of buffer memory and an intelligent bus inter- 
face. 
The protocol is a contention-based 
(multi- 
master) protocol which performs non-destructive 
bitwise arbitration and has prioritized messages. 
Transmission 
and 
reception 
of 
messages 
is 


performed 
transparently to the CPU, and error 


detection and correction 
is performed auton- 


omously by each bus interface. 
Messages 
are 
braadeaat 
to 
the 
network, 
for 


access by any node needing 
the data. 
Messages 


are identified 
(transmitted and received) by 


content, and prioritization 
of the messages is 


defined by the systea designer. 
Error checking is very advanced 
through the 


16 bit Cyclic Redundancy Check 
(CRC) and a 


number of embedded features. 
Error correction 


is performed through automatic 
re-transmission 


and error is confined 
in the case of local node 
failure. 
System recovery is easily and quickly done 
from scratch and restart performs fluently 
independent of the system's configuration. 
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leAN 
has 
been 
submitted, 
and 
is 
further 
detailed, 
1n 
the 
proposed 
information 
report 
to 
the 
SAE 
Vehicle 
Network 
for 
Multiplexing 
and 
Data 
Communications 
(multiplex) 
subcommittee. 


The 
proposed 
information 
report 
may 
be 
ref- 
erenced 
through 
SAE 
number 
JI583 
[9]. 


An 
industry 
standard 
is 
ahsolutely 
required. 
As 
work 
and 
research 
are 
done 
on 
different 


protocols 
and 
implementation 
by 
independent 


engineering 
teams 
from 
automotive 
manufacturers 
and 
semiconductor 
suppliers 
one 
direction 
be- 


comes 
very 
clear 
- the 
needs 
and 
requirements 


are 
the 
same. 
On 
the 
hasis 
that 
one 
protocol 


can 
meet 
the 
needs 
of 
different 
automotive 


manufacturers, 
there 
lre many 
things 
to be 


gained by 
a common st~ndard: 


• 
Common 
diagnostic 
tools 
and 
support 
• 
Reduced 
component 
design 
engineering 
time 
• 
Enhanced 
supplier 
suppo:::-t 
and 
innovation 
• 
Enhanced 
manufacturing 
.- reduced 
complexity 
• 
Fluent 
evolution 
of 
future 
in-vehicle 


networks 
One 
of 
the 
primary 
objeetives 
for 
1n- 


vehicle 
networking 
is 
incrensed 
diagnostic 


capability. 
The 
service 
mechanic 
should 
be 


able 
to 
locate 
and 
repair 
or 
replace 
the 
failure 
quickly. 
To 
accompl:lsh 
this, 
diaKnostic 


tool 
consistency 
is 
important. 
The 
same 
too] 


should 
be 
able 
to 
communicatE. 
directly 
on 
the 


physical 
bus 
and 
request 
infcrmation 
of 
perform 


other 
diagnostic::; for 
a number 
of model 
year 


vehiclc~. 
for 
a number 
of 
manufacturers. 
This 


does 
not 
preclude 
competitive 
design. 
Different 


vehicle 
models 
and 
manufacturers 
will 
have 


diff(~rent 
modules 
in 
the 
system 
and 
use 


different 
message 
identifiers. 
However, 
one 
tool 


may 
still 
communicate 
on 
the 
bus, 
with 
a ROM 
or 


other 
interface 
that 
provides 
the 
message 


id~ntificrs 
for 
that 
vehicle. 
Vehicle 
informa- 


tion 
may 
be 
provided 
through 
neans 
anywhere 
from 


the 
vehicle 
itself 
to 
a 
phone 
link 
to 
the 
vehicle 
manufacturer. 


The 
design 
of 
multiple 
V:~SI components 
to 


perform 
multiple 
protocols 
impacts 
both 
the 
semiconductor 
supplier 
and 
the 
automotive 


manufacturer. 
For 
the 
semiconductor 
suppli~r, 


it consumes 
extensive 
design 
and 
support 
re- 


sources 
and 
extends 
development 
time. 
For 
the 


automotive 
manufacturer, 
itel:tends 
the 
time 


before 
components 
are 
available. 
for 
production, 


reduces 
possible 
price 
reducti.on 
by 
volume, 
and 


perhaps 
mO$t 
importantly, 
redtlces the 
compet- 


itiveness 
and 
design 
Innovaticns 
of 
multiple 
semiconductor 
suppliers. 
An 
i,n-vehicle 
standard 


allows 
the 
semiconductor 
suppliers 
to support 
a 
protocol 
across 
their 
automotive 
product 
line, 


to enhance 
its 
performance 
and 
increase 
its 


capability, 
and 
provide 
a cost-conscious 
product. 


A 
standard 
allows 
vehicle 
manufacturing 
to 


play 
an 
integral 
and 
consistent 
role 
in 
testing 


and 
assembly. 
The 
capability 
to 
test 
modules 


before 
they 
are 
placed 
into 
a 
vehicle 
and 
then 
as 


a system 
in 
the 
assembled 
vehicle 
has 
merit. 
As 


stated 
before, 
r.~1currently 
docs 
this 
with 
the 


Assembly 
Line 
Diagnostic 
L"ink (ALDL), 
hut 
much 


higher 
capability 
is 
desired 
for 
the 
futore. 


As 
factory 
automation 
via 
common 
protocol 
becomes 
a mature 
method, 
a gateway 
interface 
to 


a vehicle 
which 
speaks 
one 
"language" 
provides 


increased 
manufacturing 
performance 
and 
consistency. 
It 
is 
important 
to note 
however, 


that 
the 
protocols 
for manufacturin~ 
and 
for 
in-vehicle 
communication 
wilt 
not 
be 
the 
same- 


the 
needs 
and 
end 
designs 
are 
radically 


different. 
A 
fluent 
gatewny 
or 
dat'::lbasemust 


be 
provided 
between 
them. 
Huch 
frustration 
has 
arisen 
from 
consis- 


tently 
changing 
in-vehicle 
protocols. 
Large 


engineering 
efforts 
by 
automotive 
en~ineerinR 


tcams 
are 
required 
to 
support 
a network 
design; 
and 
changing 
the 
protocol 
used, 
1n short 
time 


intervals, 
does 
not 
take 
advantage 
of 
that 


effort. 
A 
standard 
~ives 
a constant 
and 


planned 
direction. 
The 
direction 
allows 
consis- 


tent 
support 
for 
future 
designs 
by 
both 


manufacturers 
and 
suppliers. 


In-vehicle 
electronics 
have 
expanded 
and 


provide 
hiRher 
functionality 
and 
increased 
control. 
Optimization 
of 
performance 
requires 


intf.'grating the vehicle 
of 
the 90s 
as 
a system 


rather 
than 
a grouping 
of 
individual 
module~. 


In-vehicle 
networking 
may 
be 
partitioned 
into 


three 
arens: 
body 
efectronics 
control. 
status 


data 
sharing. 
and 
real-time 
control; 
referred 


to as 
Type-I. 
Type-2 
and 
Type-3 
respectively. 
The 
applications 
all 
offer 
performanct~ 
and 
10ng- 


term 
cost 
advantages 
when 
networked 
and 


primarily 
h~vc 
common 
requirements. 
No 
existing 


protocol 
meets 
all 
of 
the 
application 
type 


requirements. 
As 
a result 
leAN 
has 
been 
deve10ped. 
leAN 
is a cont~ntion-based, 
high- 
performance 
protocol 
that 
operates 
over 
a broad 


speed 
ranRe 
and 
uses 
bitwise 
prioritized 


arbitration 
with 
func.tional addressing. 
A 
standard 
protocol 
is needed, 
to 
enhance 


diagnosti(' 
and 
manufacturing 
capability. 
The 


standard 
must 
be 
supported 
bv 
automotive 


manufacturers 
and 
~emiconductor 
suppliers. 
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A High Performance Solution for 
In-Vehicle Networking - 
'Controller Area 
Network (CAN)' 


Recently, 
significant 
focus 
and 
development 
effort 
has 
'been 
dedicated 


toward 
in-vehicle 
netw,:>rking. 
This 
effort 
includes 
work 
on 
behalf 
of the 


American 
Trucking 
Association 
(ATA), the 
Society 
of 
Automotive 
Engineers 
(SAE), 
the 
International 
Standards 
Organization 


(ISO), 
and 
independent 
jevelopments 
by 
automotive 
and 
semiconductor 
manufacturers. 
In-vehi=le 
networking 
extends, 
as 
a 
result, 
beyond 
passenger 
cars 
into 
heavy 
truck, 
military, 
and 
construction 
vehicles. 
In the course 
of 


these 
developments, 
the 
benefits 
of 


networking 
have 
been 
examined 
and 


networking 
is 
perceivej 
as 
having 


significant 
benefits, 
resulting 
in 


production 
and 
custo~ 
development 


[1,2,3]. 


The 
Controller 
Area 
NetNork 
(CAN) is a 
high-performance 
serial 
communication 
solution 
which 
has been designed 
to meet 
the requirements 
for the 
broad 
range 
of 
applications 
and 
has now 
progressed 
from 
a specification 
to a produ=t. 


This 
paper 
will 
detail 
the CAN solution 


and the 
CAN products 
desi~ned 
to support 


in-vehicle 
networking 
needs 
in 
the 80's 


and 
90's. 
Further, 
the 
paper 
will 
discuss 
the 
CAN 
developnent 
tools 
and 


show network 
implementations 
and examples 


from a system 
designers 
perspective. 


Based 
on 
the 
work 
performed 
by 


individuals 
participating 
in the ATA and 


SAE 
multiplex 
subcommittees 
[4,5], in- 
vehicle 
networking, 
is thought 
to provide 


a 
number 
of 
significant 
benefits 
to 


automotive 
manufacturers 
and customers, 


including: 
lower 
cost, 
higher 
quality, 


and improved 
product 
performance. 
Lower 


cost is obtained 
through 
reduced 
number 


of 
sensors, 
reduced 
wiring, 
and 
reduced 


manufacturing 
complexity. 
Higher 
quality 


is 
obtained 
through 
reduced 
number 
of 


components 
in the 
vehicle 
and 
increased 


diagnostic 
capability 
for manufacturing 


and 
for 
service. 
Improved 
product 


performance 
is 
obtained 
through 
system- 


level control 
strategy 
in the vehicle 
and 


better 
capability 
to present 
status and 


warning 
information 
to 
the 
driver 


interface. 


The above benefits 
span the breath 
of in- 


vehicle 
networking 
applications, 
and are 


not 
equally 
weighted 
for 
all 


applications. 
The 
benefit 
obtained 


depends 
on 
the 
application 
and 
the 


implementation 
of the 
application. 
the 


SAE 
Multiplex 
Subcommittee 
has 


partitioned, 
for 
passenger 
cars, 
the 


applications 
into 
three major 
areas[61: 


Class A - body electronics 
control; 
Class 


B - non-critical 
information 
Sharing; 
and 


Class C - real 
time 
control. 
The ATA 


efforts 
also 
have performed 
partitioning 


by 
targeting 
the 
initial 
application 


range of 
Recommended 
Practices 
J1708 
and 


J1587. 


What 
is 
perhaps 
equally 
important 
to 


note, 
in 
addition 
to 
partitioning, 
is 


that 
the 
requirements 
from 
a 
network 


perspective 
are 
very 
close 
across 
the 


range. 
While 
each 
of 
these 
classes 


(A,B,C) 
addresses 
difl'erent 
functions, 
and have 
been partitionE!d in that manner, 
they 
have 
many 
of 
the 
same 
needs, 
including: 
multi-ma!;ter 
system; 
low 
latency; 
minimum 
CPU burden; 
prioritized 
message 
arbitration; 
and error 
detection. 


It is 
likely 
that 
the applications 
will 
be grouped 
on a 
reducHd 
number 
of buses 
(2 or possible 
1), to achieve 
lower cost 
and 
reduced 
network 
c:omplexity. 
The 
Controller 
Area 
Network 
(CAN) solution 
has 
been 
designed 
to 
meet 
the 


requirements 
of 
a 
broad 
range 
of 
applications 
within 
thE!automobile. 
The 
protocol 
has been 
implemented 
in a manner 
that allows 
use without: being 
restricted 


to 
a 
single 
bus 
rate 
or 
vehicle 
application-type, 
as 
WE,ll as maintaining 


the transparency 
importcant 
to long-term 
designs. 


The 
Controller 
Area 
Network 
(CAN) 
communication 
protocol 
is 
a 
high- 


performance 
contentie,n-based 
serial 
communication 
solution 
which 
provides: 
open 
system 
flexibility, 
minimum 
cpu 
burden with 
capability 
to 
operate 
at up 


to 
1 
Mb/S, 
and 
errer 
detection 
and 


failure 
diagnosis. 


In 
in-vehicle 
networking, 
"open system 


flexibility" 
is 
the 
ability 
to add or 


subtract 
modules' 
transparently 
to 
and 


from the 
network. 
As an 
example, 
if a 


vehicle 
program 
added 
a 
module 
in its 
next 
generation 
which 
requires 


information 
already 
provided 
by existing 


modules 
in 
the 
network, 
those modules 
supplying 
the data 
should 
not need 
to be 


modified 
to 
share 
the parameter 
with 
a 


new 
node. 
"Receiver 
independence" 
is 


perceived 
as an important 
feature 
and has 


been 
integrated 
into 
the 
CAN 
message 


frame 
format 
(Figure 
1). 


The 
CAN 
message 
is c~nposed 
of fields. 
The first 
field 
is 
the .3TART-OF-FRAME, a 
single bit field which 
i,;responsible 
for 
synchronization 
and 
important 
for 
arbitration. 
Followinq 
the 
START-OF- 


FRAME bit 
is 
the 
ARBI'rRATION-FIELD, an 


ll-bit 
field. 
It 
i:; 
dedicated 
to 


providing 
information 
about 
the contents 
of 
this 
individual 
me:;sage 
as well 
as 


message 
priority 
which 
is 
used 
in 


arbitration. 
The 
field 
has been designed 


to allow use 
in 
the 
manner 
that 
serves 


the 
system 
designers 
rl!quirements best. 


Potential 
uses 
include: 
indicating 
a 


single parameter 
such all "engine 
speed"; 


indicating 
the 
origin 
of 
the parameter 


and 
the 
parameter 
itself 
such 
as 


"transmission 
module 
vehicle 
speed" 


(similar 
to 
the 
ATA 
J1587 
format); 
or 


indicating 
a grouping 
of 
parameters 
such 


as "door 
lock status 
(1,2,3,4)". 
The key 


attributes 
are: 
flexibility; 
the ability 


to 
arbitrate 
simultaneous 
message 


transmissions 
based 
on priority; 
receiver 


independence; 
and 
simplicity 
of design. 


Message 
continuity 
and 
consistency 
are 


supported 
by 
the subsequent 
fields. 
The 


RTR-BIT 
allows 
Remote 
Transmission 


Requests 
from 
any 
node 
to the system. 


This provides 
the 
capability 
to request 


information 
in 
addition 
to the standard 


broadcast 
capability. 
The 
node 


requesting 
the 
information 
simply 
sends 


the correct 
10 
in 
the ARBITRATION-FIELD 


and sets 
the RTR-BIT. 
The 
node on the 


bus responsible 
for that 
information 
wi~l 


then broadcast 
it out onto 
the bus. 
Th1S 


also allows 
powerful 
diagnosis 
capability 


by allowing 
nodes 
to detect 
or determi~e 


if their primary 
supplier 
for a spec1f1c 


parameter(s) 
is 
not 
functional. 
The 


following 
fields, 
CONTROL 
and 
DATA, 


provide 
information 
about 
the message 
and 


then 
the 
data 
itself. 
The 
CRC-FIELD 


(cyclic Redundancy 
Check) 
provides 
strong 


error 
detection 
capability, 
and 
the ACK- 


FIELD 
allows 
the 
transmitter 
to 
be 


informed 
that 
the 
message 
has 
been 


received 
and 
that 
no 
errors 
were 


detected. 


Multi-Mastership 
and Message 
Arbitration 


The 
network 
must 
allow 
timely 
response 
to 


the 
dynamic 
and asynchronous 
actions 
of 


the 
vehicle 
as 
well 
as 
insuring 


predictable 
and 
minimum 
latency. 
For 


these 
reasons 
traditional 
master/slave 


and token-passing 
protocols 
have not been 


well 
received 
for 
automotive 


applications, 
and 
"random 
offset" 


contention-based 
protocols 
such 
as 


CSMA/CD 
(Carrier Sense, 
Multiple 
Access 
I 


Collision 
Detect) 
have 
negative 
factors 


in their 
arbitration 
mechanism. 
CAN is a 


hybrid 
of 
the 
traditional 
contention 


protocols 
in 
that 
it 
merges 
the 


attributes 
of the peer 
network 
with 
bus- 


time-effective, 
non-destructive 
bitwise 


arbitration. 
Non-destructive 
bitwise 


arbitration 
allows 
messages 
transmitted 


simultaneously 
to 
be 
arbitrated 
in 
a 


prioritized 
manner. 
The winner 
of the 


arbitration 
continues 
to 
transmit, 


unaffected, 
and 
the 
loser(s) 
of 
the 


arbitration 
re-transmit 
at the 
next 
"bus 


idle" 
state. 


This 
arbitration 
technique, 
which 
is a 
significant 
part 
of the 
SAE MUX proposed 
recommended 
practice, 
is performed 
via a 
two-state 
media 
such 
a.s a 
two 
wire, 
differential 
bus 
over wh.ich messages 
are 
sent. 
The 
two 
states 
may 
be 
seen as 
dominant 
and 
recessive. 
A dominant 
bit 
will 
overwrite 
a 
recessive 
bit 


transmitted 
at 
the 
s~e 
time. 
Because 


each transmitting 
node 
also 
monitors 
the 
bus, 
it 
is 
able 
to detect 
when 
it has 
lost 
arbitration. 
If 
it 
loses 
arbitration 
it 
backs 
off, 
becomes 
a 


receiver 
for 
the 
present 
message, 
and 


lets the higher 
priority 
message 
continue 


(see Figure 
2). 


In the 
vehicle 
system, 
some processors 


are 
small 
and 
lightly 
burdened, 
while 
others 
are 
higher 
performance 
and 
significantly 
loaded 
in 
throughput 
performance. 
Class 
B 
or C applications 


require 
all 
3 
of 
these 
systems 
(body 
electronics, 
powertrain, 
chassis) 
to be 


linked 
and 
provide 
the 
same 
interface 
to 
the bus. 
A 
software 
interface 
requires 


an 
inconsistent 
contribution 
from 
different 
modules, 
and gives 
a throughput 


impact 
to 
processors 
th~t cannot 
afford 
additional 
unnecessary 
fu~ctions. 


Compatibility 
between 
interfaces 
on 
a 
network 
is 
important, 
"md 
perhaps 
the 


most 
critical 
parameter 
in 
the network 


design. 
A 
software 
d:riven 
interface 


allows 
inconsistencies 
which 
must 
be 


resolved 
through 
exten,;ive 
debugging, 
consuming 
engineering 
resources 
and 
product 
development 
time. 


For 
a 
communication 
protocol 
or network 


implementation 
to offer 
long 
term design 


capability, 
it 
must 
be 
CPU or processor 


performance 
independent. 
In other 
words, 


the 
performance 
of the Berial 
interface 


in bus 
speed, 
error 
detection, 
message 


storage, 
etc., 
should 
not 
be directly 


related 
to 
the 
CPU 
pnrformance. 
A 


hardware 
solution 
provi.des 
a 
generic 


interface 
to 
the 
·bus 
~/hich 
does 
not 
significantly 
impact 
thE'performance Of 


the 
CPU, 
which 
is 
consistent 
for all 


nodes 
in 
actions 
and ti.ming, and which 


allows expansion 
to higher 
bus rates 
in 


future vehicle 
programs 
if required, 
i.e. 


a "clean" 
interface. 
Primarily 
for the 


above 
reasons, 
CAN 
was 
designed 
as a 


hardware 
solution. 
The 
CAN 
functional 


partitioning 
may 
be seen 
in Figure 
3 as 


three major 
blocks. 


The 
combined 


Processor 
(IMP) 


(BIU) perform 
all of the message 
framing, 


serialization, 
error 
detection, 


transmission 
and 
reception, 
etc. 
in 


hardware 
and 
do so 
transparently 
to the 


CPU. 
Messages 
are 
accessed 
by 
the IMP 


for 
either 
storage 
(on 
reception) 
or 


retrieval 
(for 
transmission) 
through 
the 


shared RAM. 
The 
shared 
RAM provides 
dual 


access 
for 
both 
the 
CPU 
and 
the IMP, 


while 
protecting 
against 
simultaneous 


access 
to the same 
message, 
and 
is seen 


as part 
of the 
CPU's memory 
map. 
As a 


result, 
independent 
of 
whether 
the IMP 


and shared 
RAM are on the same device 
as 


the CPU, 
the 
interface 
to 
the 
bus is 


transparent 
and 
actions 
are consistent 


for all nodes. 


To provide 
assurance 
that 
data 
received 


will 
be 
the same 
as that sent, and that 


it 
may 
be 
used 
with 
confidence, 
CAN 


implements 
powerful 
error 
detection 


mechanisms 
focusing 
on 
a 
Cyclic 


Redundancy 
Check 
(CRC) 
word 
and 
both 


positive 
and negative 
acknowledgement. 


It 
is 
important 
to 
separate 
error 


"protection" 
from 
"detection". 
Frror 


"protection", 
i.e. not letting 
errors 
be 


induced 
on the bus, 
is largely determined 


by 
the 
system 
designer 
through 
the 


selection 
of 
bus 
media, 
bus 
location 


(routing), 
etc. 
Error 
"detection" 
is the 


ability 
to 
detect 
errors 
that have been 


induced 
on the bus 
and alert 
nodes 
that 


an 
error 
has 
been 
found. 
Of the two 


areas, 
error 
detection 
is 
the 
most 


critical 
because 
it allows 
the network 
to 


be aware 
of flawed 
messages 
and perform 


the steps 
required 
to obtain 
the correct 


message. 
An 
ideal 
system 
couples 
the 


best of 
both error 
protection 
and error 


correction. 


The combined 
error 
detection 
mechanisms 


of 
CAN 
insure 
that 
the 
residual 


probability 
not to detect 
errors 
is well 


below 
3 
* 
10 
E-5. 
It is important 
to 


note 
that 
this 
error 
detection 


measurement 
comes 
on 
top 
of 
the base 


capability 
that CAN detects: 
all global 


errors;. 
up 
to 
5 
randomly 
distributed 


local b1t errors; 
up 
to 
15 consecutive 


local bit 
errors; 
and 
any odd number 
of 


local bit errors 
[7]. 


The 
key 
difference 
in 
CAN's 
error 


detection 
system 
over other communication 


directions 
is 
that CAN 
alerts 
all nodes 


in the network 
that 
an 
error 
has been 


detected 
at 
the time 
the error 
is first 


recognized. 
As a 
result, 
non-productive 


bus time is minimized 
and data 
quality 
is 
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insured. 
Nodes 
arE' 
provided 
this 


information 
through 
two 
complimentary 
acknowledgement 
schemes. 
The positive 
acknowledgement 
at 
the 
end 
of 
each 


message 
(seen 
as ACK-FIELD 
in Figure 
1) 


is 
a 
single-bit 
field 
complimented 
by 


delimiters 
in 
which 
nodes 
receiving 
a 
correct 
message 
and planning 
to store 
it 


may 
respond 
simultaneously. 
The negative 
acknowledgement 
is 
a series 
of dominant 
bits which 
will 
be 
sent by 
any node on 


the bus 
at the 
point 
that 
it detects 
an 


error 
in 
the 
message. 
This 
negative 


acknowledgement, 
or 
"error 
frame", 


informs 
the 
transmitting 
node 
and all 


receiving 
nodes 
that 
an error 
has been 


detected. 
As 
a 
result 
all 
nodes 
are 


aware 
of the status 
of each message, 
data 


consistency 
is assured 
between 
nodes, 
and 


recovery 
from errors 
may be kept below 
25 


uS 
(at 1 Mbit/S). 
Messa~e 
correction 
is 


performed 
through 
automatic 


retransmission, 
and as 
~ 
result 
of the 


acknowledgement 
schemes 
a 
significant 


link in 
the total 
fault diagnosis 
chain 


is attained 
(8). 


This 
section 
details 
the 
functional 


implementation 
of CAN 
in the product, 
the 


actions 
taken 
to 
sEmd 
and 
receive 


messages 
to and 
from 
the 
bus, 
and the 


implementation 
of 
the 
device 
itself- 


including 
the 
product 
family 
it 
is 


growing 
into. 


Functional 
partitioning 
for communication 


is shown 
in Figure 
4. 
For 
the 
cPU, 
in 
any 
communication 


transfer 
on 
the network, 
minimal 
effort 


is required 
because 
it 
is functionally 


coupled 
to 
the bus 
interface 
through 
the 


shared 
RAM. 
As 
a 
result, 
for 
a 
transmission 
or 
reception, 
the actions 


required 
by the CPU are 
little 
more 
than 


those 
it 
would 
normally 
make 
even 
if it 


were 
not part of the network. 
Outside 
of 


its 
normal 
data 
storage 
and retrieval 


from Rk~, 
the 
CPU 
is 
required 
only to 


chick 
if 
access 
is 
allowed 
and toggle a 
dedicated 
control 
bit 
for 
the parameter 


to insure message 
consistency. 


The shared 
RAM 
array 
is seen as part of 
the CPU's memory 
map. 
It 
is configured 


at device 
power-up 
for the Communication 


Objects 
needed 
by that node, 
and contains 


several 
control 
bytes 
to: 
show node and 


system 
status, 
allow 
e.lsy 
access 
to 


updated 
Communication 
Objects, 
and other 


actions. 
The 
buffer 
memory 
layout, 
in 


its 
basic 
form, 
is 
shown 
in Figure 
5. 


The 
shared 
RAM 
array 
is 
composed 
of 


dedicated 
control 
registers, 


communication 
objects, 
and 
an 
end mark 


signifying 
the 
end 
of 
RAM 
used 
for 


communication. 
Each 
individual 


communication 
object 
is composed 
of the 


identifier, 
control 
bits, 
and data. 
As a 


result, 
the 
number 
of 
communication 


objects 
which 
may 
be 
configured 
in the 


shared 
RAM 
array 
is 
purely 
dependent 
on 


the number 
of 
bytes 
in 
the 
data 
field 


since objects 
are placed 
contiguously. 


The 
CAN 
implementation 
in 
silicon 
is 


designed 
as a "cell" 
to 
allow 
the same 


logic 
(i.e. 
exactly 
the 
same 


functionality) 
to 
be 
integrated 
in 
a 


broad 
family 
of 
devices. 
The 
first 


device 
is a stand-alone 
peripheral. 
The 


peripheral 
interfaces 
to 
any 
standard 


microcontroller/processor 
and 
was 


designed 
first 
for 
that reason 
- to give 


the 
system 
designer 
network 
capability 


with 
processor 
architecture 
independence. 


The peripheral 
contains, 
on-chip: 
the 


full 
CAN 
bus 
interface, 
the shared 
RAM 


array 
(64 
bytes), 
a 
clock 
generator 


(which may 
be driven 
either 
by a crystal 


or 
by 
the 
processors 
clock), 
and 
a 


programmable 
clock 
divider 
to 
allow 
a 


broad 
range 
of bus 
speed 
options. 
The 


peripheral 
interfaces 
to 
the processor 


through 
the 
multiplexed 
address/data 


port, 
and 
as such 
the RAM array 
is seen 


as 
part 
of 
the 
CPU's 
memory 
map- 


maintaining 
the 
transparency 
critical 
to 


the automotive 
network 
and achieving 
high 


data 
throughput. 
To 
replace 
the I/O 


ports 
on 
the 
processor 
used 
by 


interfacing 
to 
the 
parallel 
bus, 
the 


ports 
are 
reconstructed 
on 
the 


peripheral. 
As 
a 
result 
there 
are 
2 


peripheral 
versions, 
the 
40/44 
(DIP/PLCC) 


lead version 
with port 
reconstruction 
and 


the 
24 
lead 
version 
without 
port 


reconstruction. 
Examples 
of the device 


with 
the 80C5l and 
the 6801 
are shown 
to 


give 
an 
idea 
of 
the 
interface 
to 
a 


microcontroller 
(see 
Figures 
6 
and 
7 


respectively) . 


The 
CAN 
logic 
cell 
may 
be 
readily 


integrated 
into 
control-or1ented 
single 


chip 
microcontrollers. 
The 
integration 


provides 
the 
most 
cost 
effective 


implementation 
for CAN 
in networking 
long 


term. 
The 
resultant 
device 
will 


communicate 
using 
the 
CAN 
serial 
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interface 
rather 
than a 
UART 
or 
SCI and 
thus achieve 
the 
full benefit 
of CAN with 
minimum 
die 
size 
and 
pin 
count. 
Functionally 
this 
device 
will 
look like 
Figure 
4, 
with 
the 
added 
attribute 
that 


the user may 
now additionally 
use part of 


the 
existing 
RAM 
for 
communication 
if 


required. 


Beyond 
Intel 
CPU-based 
architectures, 
it 


~s antic~pated 
that 
CAN 
will 
integrated 


1nto 
m1crocontroller/processor 
devices 


supplied 
by 
other 
semiconductor 


manufacturers. 
This 
allows 


standardization 
in use and the ability 
to 


use 
a 
broad 
range 
of 
control 


architectures. 


This 
section 
shows 
the 
use of 
CAN in a 


range 
of 
applications. 
It is not with~n 


the 
scope 
of 
this 
paper 
to 
propose 
network 
partitioning 
(i.e. 
what 
nodes 


and/or 
messages 
go 
on 
what 
bus). 


Examples 
follow 
for 
status-type 


information 
sharing, 
real-time 
control, 
and body 
electronics 
control. 


Real-Time 
Control, 
Parametric 
Sharing 


Real-time 
control 
communi,::ationsand non- 


critical 
parametric 
sha~ing 
have 
a key 


factor 
in common, 
paramet~ic 
data. 
While 
the 
acceptable 
latency 
for 
the 
two 


classes 
may 
not be 
the S,!IJlle, 
by as much 


as 
an 
order 
of 
magni tl~de, much 
of the 


data 
passed 
is common 
to 
both: 
engine 


speed, 
vehicle 
sp,~ed, 
coolant 


temperature, 
braking 
status, 
etc. 


The 
two 
"classes" 
will 
likely 
see 


evolutionary 
expansion 
in 
vehicle 


programs 
in terms 
of the number 
of nodes 


and overall 
bus 
load 
th,~ymust 
support, 
hence 
a 
long-term 
solution 
is required 


which 
allows 
the 
manufacturer 
to 


integrate 
a 
network 
in1:o 
the 
vehicle 


which 
will 
meet 
the 
s~rstem 
needs 
for 


several 
years. 
For 
simplicity 
the 


example 
has 
been 
shown 
in 
one common 


network 
in Figure 
8. 


For body 
wiring 
electronics 
control 
of 


functions 
such 
as 
light.s, 
etc. 
a full 


CPU-based 
microcontroller 
is 
not always 


required 
and 
in 
some ca.ses too costly. 


using 
the 
stand-alone 
peripheral 
(the 


82C7S1) 
already 
develc,ped 
a 
cost 


conscious 
SeriallY-Linked 
'I/O 
(SLID) 


network 
may 
be implemented 
without 
using 


the 
traditional 
method 
of 
placing 


additional 
burden 
on the body computer. 


A system 
configuration 
which 
might 
serve 


as an example 
is shown 
in Figure 
9. 


Developing 
an 
in-vehicle 
network 
is not 


an easy 
task. 
It 
requires 
integrating 


communication 
between 
several 
modules, 


insuring 
that the correct 
messages 
arrive 


at 
the 
correct 
nodes, 
that 
latency 


requirements 
are met, 
etc. 
To support 


network 
design, 
CAN 
has 
2 development 


tools: 
a software 
simulator 
and 
a CAN 


hardware 
emulator. 


The 
software 
simulator 
is 
primarily 
a 


tool for 
the system 
designer. 
It is a 


user-friendly 
package 
which 
uses 
inputs 


such as: 
number 
of nodes; 
bus 
speed; bus 


length; 
noise 
signals; 
number 
of 


m~ssages; 
etc. 
In 
'eturn, 
the simulator 


g1ves 
a 
detailed 
statistical 
oucpuc 
vI 


the 
system 
performance 
including' 


latency 
for 
the system, 
each node, 
each 


message; 
bus 
load; 
number 
of messages 


affected 
by noise; 
number 
of arbitrations 


and outco~e 
for each 
node, 
each message; 


etc. 
Th1s gives 
the system designer 
the 


opp~rtunity 
to adjust 
the 
network 
to the 


des1red 
performance 
before 
it ever gets 


in the vehicle. 


The 
hardware 
emulator 
does 
what 
the 


simulator 
cannot 
- test 
hardware 
on the 


bench, 
.in 
the 
vehicle, 
and 
begin 


prototyp1ng. 
The 
single-board 
solution 


emulates 
the, CAN 
stand-alone 
peripheral 


through 
d1screet 
logical 
devices, 


prov1d1~S 
a development 
module 
now. 
The 


board 
1mplements 
the 
full CAN protocol 


using 
a 
combination 
of microcontrollers 


and. 
Electrically 
Programmable 
Logic 


Dev1ce~ 
(EPLDs) 
and 
as 
a 
result will 


commun1cate 
up to SOK bits/second. 
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'!'beSolution 


CAN 
has 
been 
designed 
for 
and 
is 
dedicated 
to in-vehicle 
networking. 
It 
has been 
designed 
to meet 
the networking 
requirements 
of: 
lower 
cost, 
higher 
quality, 
and 
improved 
product 
performance. 
Further 
it 
provides 
a high 
performance 
solution, 
having 
a 
programmable 
bit 
rate 
up 
to 
1 
Mb/S. 
These 
attributes 
are achieved 
through 
the 
hybrid 
combination 
of 
traditional 
contention 
protocols 
and, non-destructive 
bitwise 
arbitration, 
and 
by 
placing 
the 
protocol 
in 
hardware 
to 
achieve 
transparency 
and the capability 
for high 
performance. 
A 
high 
level 
of 
error 
detection 
is 
also 
provided. 
Further, 
development 
tools 
are 
provided 
which 
allow 
system 
analysis 
and,modification 
in 
both 
software 
and 
hardware 
to achieve 
efficient 
program 
develo~ment. 


One 
of the most 
important 
features 
of the 
protocol 
is 
its readine~s. 
At the time 
of this paper, 
the 
CAN 
peripheral 
will 
have 
been 
sampled 
a.nd 
be 
nearing 
production 
capability. 
The 
result 
is a 
solution 
for tomorrow, 
present 
today. 
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• 
•• 
• 
I 
DATA-FIELD 
CONTROL-FIELD 
RTR-BIT 
ARBITRATION-FIELD 
START-OF-FRAME 


• 
•• 
I 
I 
I EOF 
ACK-FIELD 
CRC-FIELD 


FIGURE 1: 
CAN ~SSAGE 
FRAME FORMAT 


NODE 1: 
(I 
0 
0 
1 
0 
1 
1 
0 
0 
0 
1 
(engine speed) 


NODE 
2: 
(I *1 
1 
0 
0 
1 
0 
1 
1 
0 
1 
(coolant temp. ) 


NODE 
3: 
(I 
0 
0 
1 *1 
0 
1 
1 
0 
1 
0 
(vehicle speed) 
_._----------------------------- 
BUS: 
(I 
0 
0 
1 
0 
1 
1 
0 
0 
0 
1 
.' node detects 
lost arbitration, 
stallS 
transmitting, 
continues 
to receive message 


FIGURE 
2: 
NON-DESTRUCTIVE 
BITWISE ARBITRATION 


DEDICATEDCONTROLREGISTERS 


COMMUNICATION 
OBJECT1 


COMMUNICATION 
OBJECT2 


COMMUNICATION 
OUJECT3 


***********jl** 


COMMUNICATION 
OUJECTX 


ENDMARK 
~, 


.D0-AD7 
ALE--- 
CLO 
/WR-- 
CL1 
/IID-- 
CL2 
INT-- 
INT 
X2,-------<:LKOUT 
CAN 
82C751 


USLINE 
PORT0= 
PORT1= 
ECO·---- 
EC1---- 
DEC2:---- 
DEC3----- 
RESET--- 
XTAL1--- 
XTAL2--- 
BUSCOnN--- 


USLINE 
PORT0 
PORT1 
DECO---- 
DEC1---- 
DEC2·---- 
DEC3·---- 
RESET--- 
XTAL1--- 
XTAL2--- 
BUSCON-- 


'DO-AD7 
AS 
CL 
R/-~ 
CL1 
EN 
CL2 
INT--- 
INT 
X2·------<:LKOUT 
CAN 
82C751 


intJ 


ENGINE 
TRANS. 
CARGO 
SUSPENSION 
STEERING 
ABS 


m 


8096 
+ 


CAN 
I 


CAN 


~ 


80C7S1 
(80CSl 
68HCll 
+ CAN) 
INTERFACE 
TO 


INSTRtlMDlT 
CLIMATE 
CRUISE 
MESSAGE 
TRIP 
SERVICE 
CLUSTER 
CONTROL 
CONTROL 
CENTER 
COMP. 
DIAGNOSTICS 


FIGURE 
8: 
FtEALTIME CONTROL 
AND NON-CRITICAL 
PARAMETRIC 
SHARING 


~ 


SLIO 
SLIO 
SLIO 
SLIO 
SLIO 


CAN 
1 
2 
3 
4 
S 


FIGURE 
9: 
SERIALLY 
LINKED 
I/O 
(SLIO) MODE NETWORK 
EXAMPLE 
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82526 
Controller Area Network Chip 


Archlitectural Overview 
AUTOMOTIVE 


inter 
82526 
CONTFlOLLER AREA NETWORK 
CHIP 
AFlCHITECTURAL 
OVERVIEW 
AUTOMOTIVE 


1.0 GENERAL 
FEATURES 


• Multimaster Architecture 
• Bus Access Priority by Message 
• 2032 Different Messages 
• Guaranteed Latency Time fol' High Priority 


Messages 


• Powerful Error Handling 
• Data Length up to 8 Bytes 
• Configuration Flexibility 
• Broadcast Message Transfer 
• Non-Destructive Bitwise Arbitration 


• Two 8-Bit Ports 
• NRZ Coding/Decoding 
with Bit Stuffing 
• Programmable Transfer Rate up to IMBit/Sec 
• Programmable Output Driver Configuration 
• Programmable Clock Output 


• 44 Pin PLCC 
• Additional CS Outputs 


The 82526 Communication Controller is a highly inte- 
grated VLSI device, based on automotive in-vehicle 
networking requirements. Includ'ld on the chip are an 


0--- 


XTAL 0--- 


Interface Management 
Processor (IMP), Bit Stream 


Processor (BSP), Bus Timing Logic (BTL), Transceiver 
Logic (TCL), Processor Interface Unit (PIU), Error 
Management 
Logic (EML), Clock Generator 
and a 


quasi dual Port RAM. These hardware modules imple- 
ment all necessary features of a high performance serial 
communication protocol. When connected to a micro- 
processor and simple line drivers, the 82526 performs 
the principal functions of the physical and data link 
layer. Figure I shows a block diagram of the 82526. 


The 82526 uses an 8-bit multiplexed address and data 
bus optimized for operating with Intel's microcontrol- 
leI's and microprocessors. Other architectures may be 
used due to the small number of handshake signals re- 
quired by the 82526. 


As shown in Figure I, the BSP, TCL, BTL, and EML 
are related with Bus Line Logic. The IMP, RAM, and 
PIU are related to the CPU Interface Logic. The logic 
blocks BSP, BTL, TCL, and EML are referred to as the 
"Serial Interface Unit". 


The CPU communicates with the 82526 through the 
82526 on-chip memory (RAM) which includes a global 
status and control register. The on-chip memory serves 
as the communication 
buffer interface between the 


CPU and the IMP. The CPU initializes the global 


PORT 1 
+ 


B 
TX 
U 


RX 
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Pin 
Description 


CS 
Chip select input pin. When this signal is 
low, the 82526 is selected 
by the CPU for 
transfer 
of command, 
status or data to or 
~rom the internal 
RAM, data to or from 
Port 0 and Port 1, or aCCt3SSto additional 
external 
devices within the address space 
64·255 (see CSO to CS2). The direction 
of 
the data flow is determined 
by the RD or 
WR inputs. 


INT 
Interrupt 
output pin. An active low signal 


indicates 
to the CPU that the 82526 is 


requesting 
an interrupt. 
The interrupt 
~ 
an OR-function 
between 
the 
EXTINT and or internal generated 
interrupt 
signals. 


RXO, RX1 Serial data bus input pins to the on-chip 
input-comparator. 


TXO 
Serial data bus output pin from the 
on-chip 
programmable 
0 Jtput-driver 
O. 


TX1 
Serial data bus output pin from the 
on-chip 
programmable 
OIJtput- driver 1. 


RDY 
Ready output pin used to control 
access 


to the internal 
RAM either by a CPU or by 


the Interface 
Management 
Processor 


(IMP). Ready output is active low. A pull 
up resistor 
keeps this pin high during 
reset. 


ALE 
Address 
latch enable input. 


PORTO 
8-bit quasi-bidirectional 
I/O port (TTL/LS 
compatible). 


PORT 1 
8-bit quasi-bidirectional 
I/O port (TTLILS 
compatible). 


ADO-AD7 
Multiplexed 
Address/Data 
bus. ADO-AD7 
are bidirection 
three statEl lines connected 
o the system's 
Data/ Address 
Bus for 


transfer 
of data. commands 
and status. 


CSO 
Address 
decoding. 
C~ 
select 0 output 
pin is activated 
low if CS is set low and an 
address 
between 
40H-BFH 
is latched 
into 
the 8252~ 
a CPU. CSCiremains low for 
the time ALE is active low. 


CS1 
Address 
decoding. 
C~ 
select 1 output 
pin is activated 
low if CS is set low and an 
address between 
COH-DFH is latched 
into 


the 8252~ 
a CPU. CSf 
remains low for 
the time ALE is active low. 


Pin 
Description 


CS2 
Address 
decoding. 
C~ 
select 2 output 


pin is activated 
low if CS is set low and an 


address between 
EOH-EFH is latched 
onto the 82526 ~ 
CPU. CS2 remains 


low for the time ALE is active low. 


VSS1 
Digital GND. 


VSS2 
Analog GND. 


NOTE: 
CSO, CSt and CS2 are push-pull outputs. and may be 
used to select additional system peripherals. 


I~ ~ ~ ~ ~ ~I~~~~~ 


6 
5 
4 
3 
2 
1 444342 
41 40 


WR 
7 
• 
39 
A07 


cs 
8 
38 
PLO 


CS2 
9 
37 
Pl.l 


PO.7 
10 
82526 


36 
Pl.2 


PO.6 
11 
35 
Pl.3 


PO.5 
12 
44-P1N 
34 
Pl.4 


PO.4 
13 
PLCC 
33 
Pl.5 


PO.3 
14 
(TOP VIEW) 
32 
Pl.6 


PO.2 
15 
31 
Pl.7 


PO.1 
~ 
16 
30 
cs; 


PO.O 
17 
29 
RST 


The 82526 on-chip RAM (communication 
buffer) is 


seen as part of the CPU's memory map and may be 
defined as a "decoupling device" between the CPU and 
the "Bus-Interface" of the 82526. The buffer memory 
area used for communication is configured by the user 
during an initialization download after power-up. It 
consists of dedicated control registers, communication 
objects, and an end mark signifying the end of RAM 
area used for communication. Each individual commu- 
nication object is composed of the identifier, control 
bits, and data. The CPU programmer operates only on 
this communication buffer to perform message trans- 
fers, while the "Bus Interface Logic" of the 82526 man- 
ages the bus traffic. The buffer memory layout is shown 
in Figure 3. 
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ADDR. 


OOH 


01H 


02H 


03H 


04H 


05H 


06H 


07H 


OBH 


09H 


CONTROL-REGISTER 


STATUS-REGISTER 


INTERRUPT-POINTER 


BUS TIMING-REGISTER 
0 


BUS TIMING-REGISTER 
1 


OUTPUT 
CONTROL 
REGISTER 


OESCRIPTOR 
1 


(IDENTIFIER 
AND 


CONTROL 
BITS) 


DATA-SEGMENT 
llBYTE 
1 


I 
DATA-SEGMENT 
llBYTE 
N 


DESCRIPTOR 
2 


(IDENTIFIER 
AND 


CONTROL 
BITS) 


DATA-SEGMENT 
21BYTE 
1 


I 


DATA-SEGMrT 
2/BYTE 
M 


END 
MARK 
FF (HEX) 
I 
USER 
SEGMENT 
(After 
End Mark) 


DECODED 
BY CSO 


DECODED 
BY CSl 


DECODED 
BY CS2 


CLOCK 
DIVIDER 
REGISTER 


PORT 
0 DATA 
REGISTER 


PORT 
1 DATA 
REGISTER 


POSSIBLE 
RAM 
EXTENSION 
FOR 
USER 
PROGRAMS 


1 


GLOBAL 
STATUS 
and 


CONTROL 
REGISTERS 


RE~;ET REQUEST 


HALT REQUEST 


ERllOR INTERRUPT ENABLE 


TRI\NSFER 
INTERRUPT 
EN,\BLE 


. SLEEP MODE 


SytlCON 


OPERATION 


Reset Request 


RESET REQUEST is set by the CPU and read by the 
IMP. If set to "high" and detected by the IMP, it caus- 
es an SIU (Serial Interface Unit) internal hardware re- 
set. The execution of the reset request is acknowledged 
to the CPU via the reset status bit (see Status Register), 
set by the IMP indicating to the host that the 82526 is 
ready for initialization. Thereafter, the IMP remains in 
a "loop mode" waiting for the reset request to be set 
"low" by the host after completion of the RAM config- 
uration. The 82526 returns to the operating mode im- 
mediately after the reset status bit is set "low" by the 
IMP. During the reset sequence, the PIU, clock genera- 
tor and the buffer memory remain active. 


NOTE: 


For proper operation, the reset request bit must be set 
to "high" for any start-up or new RAM configuration 
routine and set to "low" after the End Mark. 


Reset request set "high" does not break a transmission 
or reception of a message in process, but will stop the 
82526 from transmitting or receiving the next message. 


Halt Request 


HALT REQUEST is set by the CPU and read by the 
IMP. When set to "high" the 82526 continues process- 
ing the current 
transmission or reception and then 


stops any further activity until the halt request bit is set 
to "low" which restarts normal operation. Halt request 
forces the IMP to stay in the idle-loop while the PIU, 
SIU and clock generator remain active. 


NOTE: 
In order to change the buffer memory configuration, 
use reset request rather than halt request to stop the 
IMP. It must be noted, however, that reset request 
will also result in a reset of the EML logic and, there- 
fore, will cancel the current EML error history. 


Error Interrupt 
Enable - 


ERROR INTERRUPT 
ENABLE is set by the CPU 


and read by the IMP. If set to "high", the interrupt 
output signal of the 82526 to the CPU is enabled, and 
disabled if set to "low". The 82526 may generate an 
error interrupt for the following reasons: 


error status bit set (Status Register) 


- 
bus status set to "off bus" (Status Register) 


- 
ram status set to "error" (Status Register) 


TRANSFER INTERRUPT 
ENABLE is set by the 
CPU and read by the IMP. If set to "high", the 82526 
will generate an interrupt to the CPU after a messageis 
successfullyreceivedor transmitted and the transfer in- 
terrupt enable bit within the des,;riptor of the corre- 
sponding communication object is set. If set to "low", 
any transfer interrupt to the CPU is disabled indepen- 
dent of the transfer interrupt enable bit within the de- 
scriptor. 


SLEEP MODE is set by the CPU and read by the 
IMP. If the bit is set to "low" (normal operation) the 
82526 will not enter the sleep mo:le. If set to "high", 
the device may enter into the sleep mode based on bus 
traffic (both, transmission and r,~ception). A return 
from the sleepmode to the normal operation mode may 
be activated by the followingevents: 
- 
start bit detection 
- 
any CPU access to the 82526on-chip RAM, Port 0 
or Port I, or to the clock divider register 


An attached host CPU does not see the 82526 in the 
sleep mode. Hence, all timings for RAM and I/O ac- 
cess remain valid for the sleep mode. 


The 82526 enters the sleep mode when 256 recessive 
bit-times (bus idle) have elapsed and enable signals 
from all functional blocks are present. This allows suffi- 
cient time for the IMP to terminat,~current processes. 


(Restart transmit search.) Any Writl:accessby the CPU 
to set this bit to "high" forces the IMP to start a new 
transmit search loop at the first Communication Ob- 
ject. It is not necessaryto reset this bit between "restart 
transmit search" requests. 


SYNCOM is set by the CPU and read by the IMP. 
This bit controls resynchronization of the Bit Timing 
Logic during the reception of a frame. If set to "high", 
bus line transitions from "recessive" to "dominant" as 
well as from "dominant" to "rece!,sive" are used for 
resynchronization. 


If set to "low", only transitions flOm "recessive" to 
"dominant" are used for resynchronization. 


NOTE: 
It is not recommended to resynchronize on both tran- 
sitions at very high speed baud rates. 


OPERATION bit must be set to "low" by the CPU 
during initialization. It will force the 82526to start op- 
eration as soon as the reset status bit is reset by the 
IMP. This bit must never be set to "high" by a CPU 
because it will result in an unpredictable mode. 


The Status Register is modifiedby the IMP only. After 
power up reset and/or reset request from the CPU (see 
reset request), the IMP will set the reset status bit 
"high". It is set "low" after the reset request is released 
by the CPU. A CPU write is not allowed to this regis- 
ter. A read access to this register will report the reset 
status of the 82526. 


NOTE: 
After start-up, bits I to 7 of the status register are ran- 
dom until reset status (bit 0) is set by the IMP. 


RESET 
REQUEST 


HALT 
STATUS 


ERROR STATUS 


TRANSMIT 
STATUS 


RECEIVE 
STATUS 


BUS 
STATUS 


RAM STATUS 


RESERVED 


RESET STATUS bit set to "high" by the IMP ac- 
knowledgesto the CPU that the reset request from the 
CPU was detected and an internal hardware reset is 
being performed by the 82526. The bit is set back to 
"low" by the IMP after the CPU has reset the reset 
request bit to "low" and forces the 82526 to start or 
restart normal operation. 


HALT STATUS bit is altered corresponding to the 
Halt Request from the CPU. It is set "high" by the 
IMP to indicate the Halt Status (idle Loop) was en- 
tered, and set to "low" when the Halt Request is re- 
leasedby the CPU. If Halt Request is released when the 
Serial Interface Unit (SIU) is in the reception mode, the 
IMP remains in a wait loop until the next interframe 
space time. 


inter 


ERROR STATUS bit set to "hi@h" by the IMP indi- 
cates to the CPU that the error management logic 
(EML) has detected a major problem either with trans- 
mission or reception of messages. If more than one mes- 
sage out of eight messages as an average are consecu- 
tively directed at this node, a loeal error may occur. 
The EML observes the occurrence of receive and trans- 
mit errors and takes the approprhte 
actions (see error 
confinement for more details). TIle Error Status bit is 
normally set "low". 


TRANSMIT STATUS set "high" indicates to the CPU 
that the 82526 currently is in the transmit mode. A 
"low" is set when I) the 82526 I:nters the idle mode 
after a successful transmission, 2} there was a loss of 
the arbitration during transmission of the message iden- 
tifier forcing the 82526 to immediately enter the receive 
mode, or 3) because of an error d:tected during trans- 
mission. 


RECEIVE 
STATUS bit set "high" indicates to the 
CPU that the 82526 is in the rece:lvemode. It is set to 
"low" after reception is complete. 


NOTE: 
The 82526 is in the idle mode if both, the Transmit 
and the Receive Status bits, are set "low". In this 
case, the bus is idle and the IMP has not found a 
Communication Object to be sent. 


BUS STATUS is modified by the IMP and read by the 
CPU. If set to "low", the 82526 is bus active (on - bus). 
If set to "high" (off - bus), the 82526 remains in the 
bus-off mode until a reset request i!.set by the CPU and 
executed by the IMP (see reset rc:quest bit and error 
management for more details). 


RAM STATUS bit normally is set to "low" by the 
IMP after a complete RAM configuration set up by the 
CPU and no buffer memory conl1guration inconsist- 
ency is detected by the IMP. The bit will be set to 
"high" if a buffer-memory inconsistency (faulty com- 
munication object) is detected after the 82526 has start- 
ed operation. 


3.4 
INTERRUPT 
POINTER 
(Address 
02H) 


The Interrupt Pointer is an 8-bit register that contains 
either the address of the Status Register (error related 
interrupt), or the RAM address of a communication 
object with highest priority for which the conditions 
Transfer 
Interrupt 
Enable is enabled ("high") 
and 
Transfer Status is completed ("high"). 


The CPU acknowledges an 82526 interrupt by writing 
an empty pointer (FFH) to this register. If the CPU 
itself is polling an empty pointer (read access) from the 
Interrupt Pointer register, this value is interpreted as if 
no interrupt has occurred. 


NOTE: 
The interrupt pointer must be set to "FFH" 
by the 
CPU during initialization. If an external interrupt oc- 
curs, this register remains unchanged (FFH). 


3.5 
BUS TIMING 
REGISTER 
0 
(Address 
03H) 


The baud rate prescaler and synchronization 
jump 
width are programmed by the Bus Timing Register O. 


BRP 0 


BRP 1 


BRP 2 


BRP 3 


BRPo4 


BRP 5 


SJW O} 
SYNCHRONIZATION 
SJW 
1 
JUMP WIDTH 
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By programming the six bits of the baud rate prescaler, 
the BTL cycle time is determined. The BTL cycle time 
is derived from the system cycle time. The desired baud 
rate is determined by the BTL cycle time and the pro- 
grammable bit timing segments (See Table 1). Also see 
Bus Timing Logic. 


inter 


These two bits are introduced to compensate for phase 
shifts between clock oscillators of different bus nodes. 
Any node may resynchronize to a relevant transition of 
the bus bitstream of a transmitter. 


The Synchronization Jump Width defines the maxi- 
mum number of BTL cycles. A bit may be shortened or 
lengthened by one resynchronization during transmis- 
sion of a Data Frame or Remote Frame. 


Saud Rate 
STILCycle 
Prescaler 
SRPO-SRPS 
"rime 


000000 
1 x Syst9m Cycle Time 
000001 
2 x Syst'9m Cycle Time 
000010 
3 x Syst'9m Cycle Time 


: 
: 


: 
: 
111111 
64 x Systt9m Cycle Time 


3.6 BUS TIMING REGISTI:R 1 
(Address 04H) 


The number of samples per bit, the Delay Time and the 
Phase Shift Buffer are programmed by Bus Timing 
Register I. 


TSEG l.U 


TSEG 1.1 


TSEG 1.:! 


TSEG 1." 


TSEG 2.(1 


TSEG 2.1 
T1WESEGWENT2 


TSEG 2.:<: 


SAWPLE 


BUS SAMPLE: This bit determin~; whether a bit is 
sampled directly by the BTL or if elch bit first is fI1- 
tered by the majority logic. If SAMPLE is set to "low", 
a bit is sampled once by the BTL, and if set to "high", 
three samples per bit are taken. 


NOTE: 
The majority logic (SAMPLE 
= "I") 
has the same 


effect as a delay of one BTL cycle on the bus line. 
This has to be taken into account for the calculation 
of time segment I and 2 as well as for synchronization 
jump width. (For more information see Bit Timing 
Logic.) 


TIME 
SEGMENT 
1 / TIME 
SEGMENT 
2: Time 


Segments within a bit time are introduced to determine 
the number of BTL cycles per bit time and the location 
of the sample point within a bit time. Also see mini- 
mum configuration of the BTL. 


3.7 OUTPUT CONTROL REGISTER 
(Address OSH) 


The Output Control Register allows set up of different 
output driver configurations under software control. 
The user may select active pull-up, pull-down, float, or 
push-pull output by reviewing Tables 2 and 3. 


OCWODE 0 


OCWODE 1 


OCPOL 0 


OCTN 0 


OCTP 0 


OCPOL 1 


OCTN 1 


OCTP 1 
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OCMODE1 
OCMODEO 
Function 


1 
0 
Normal Mode 
Bit stream transmitted 
on both, TxO and Tx1 


1 
1 
Normal Mode 
TxO: Bit Stream 
Tx1: Bus Clock (txclk) 


0 
0 
Bipolar Mode 


0 
1 
Not Used 


TXi 
Mode 
CICTPi 
OCTNi 
OCPOLI 
TxD 
TPx 
TNx 
Output 
Level 


FLOAT 
0 
0 
0 
0 
off 
off 
float 
0 
0 
0 
1 
off 
off 
float 
0 
0 
1 
0 
off 
off 
float 
0 
0 
1 
1 
off 
off 
float 


PULL 
0 
1 
0 
0 
off 
on 
low 
DOWN 
0 
1 
0 
1 
off 
off 
float 
0 
1 
1 
0 
off 
off 
float 


0 
1 
1 
1 
off 
on 
low 


PULL 
1 
0 
0 
0 
off 
off 
float 
UP 
1 
0 
0 
1 
on 
off 
high 
1 
0 
1 
0 
on 
off 
high 
1 
0 
1 
1 
off 
off 
float 


PUSH 
1 
1 
0 
0 
off 
on 
low 
PULL 
1 
1 
0 
1 
on 
off 
high 
1 
1 
1 
0 
on 
off 
high 
1 
1 
1 
1 
off 
on 
low 


NOTE: 
TxD 
= data bit to be transmitted; 
0 = dominant 
1 = recessive 
TPx/TNx 
= on-chip 
transistors 
Txi 
= T):O. Tx1 Serial 
Output 
Pins 


Output signal levels are assigned to the logical bit levels 
"dominant" 
and "recessive" depending on the output 


characteristics (pull-up, pull-down push-pull). 


If galvanically decoupled from the busline by a trans- 
former, the bit stream has to be coded in such a way 
that there is no resulting dc-current transferred from 
the transformer. 


With 
"recessive" 
bits, all outputs 
are deactivated. 


"Dominant" 
bits are sent alternately on TxO and Txl; 


e.g., the first "dominant" bit is sent on TxO, the second 
on Txl, the third on TxO and so on. 


Communication Objects are created by the user for ev- 
ery message, to perform a transmission or a reception 
of the respective message. This allows message transfer 
and an integrity check to be handled without user inter- 
ference. According to Figure 3 (Buffer Memory Lay- 
out), each Communication Object consists of a descrip- 
tor and data segment. 


The number of Communication Objects which may be 
configured within the buffer memory is dependent on 
the number of bytes in the data field (Data Segment) 
since Communication Objects are placed contiguously. 


The Descriptor consists of three bY'~es,assigned to each 
Communication Object by the user The three bytes in- 
clude the message identifier and a control segment 
which contains semaphore bits to gllarantee mutual ex- 
clusion of access to the Communkation 
Buffer, if re- 
quired. 


-lOB 
6 


-lOB 
7 


-lOB 8 


-lOB 9 


-lOB 10 


-IMP 
ACCESS 
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CPIJ ACCESS 


RWOTE-TJ(-REQUEST 


DATA olREcnqN 


REIIOTE DIRECTION 


lOB 0 


lOB 1 


lOB 2 


lOB 3 


NOTE: 
A CPU writeaccess to DescriptorByte2 should be ex- 
ecuted onlyifthe reset reQuestbitwas set by the CPU 
and acknowledged by the IMP via th'3halt status bit. 


An Identifier is a unique name for each Communica- 
tion Object and defines the corresponding, specific mes- 
sage. Its digital number also determines the priority of 
each single message for bus access (lee arbitration). 


~~~ ~ ] 
DATA LENGTH 
DLC 2 
CODE 


DLC 3 


RESERVED 


TRANSFER INTERRUPT ENABLE 


TRANSFER STATUS 


TRANSMISSION REQUEST 
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The Identifier consists of eleven bits (lOB 0 to lOB 10). 
lOB 10 is the most significant bit, transmitted first fol- 
lowing the start bit. The priority is defined to be highest 
for the lowest binary number. 


NOTE: 
lOB 10 to lOB 4 set to "high" can not be used in an 
Identifier because this code serves as end-mark. This 
results in a total number of 2032 different Identifiers 
(messages), starting from OOOOOH(highest priority) to 
07EFH (lowest priority). 


IMP ACCESS is set by the CPU and read by the IMP. 
If set to "low", IMP access to the data of this Commu- 
nication Object is "locked". If reset to "high", IMP 
access is released. 


CPU ACCESS is set by the IMP and read by the CPU. 
If set to "low", CPU access to the data of this Commu- 
nication Object is "locked". If reset to "high" CPU 
access is released. In case of a conflict, the priority is 
assigned to the CPU access. 


REMOTE 
TX REQUEST 
is modified by the IMP 


only! If a remote frame has been received, the appropri- 
ate Data Frame will be transmitted if I) the data direc- 
tion bit is set "high" (transmit), and 2) the remote di- 
rection is set "low" (receive). The Remote Tx Request 
bit represents an internal flag used by the IMP to pro- 
cess the reception of remote frames. This bit must not 
be modified by a host, except during initialization (set 
to "low"). 


DATA DIRECTION is set by the CPU and read by the 
IMP. If set to "low", a Communication Object is as- 
signed to receive a message of the respective Identifier. 
If set to "high", a Communication Object is assigned 
for transmission. 
The appropriate 
message will be 


transmitted if Transmission Request is set "high" and 
Remote Direction is set "low". (See Table 5.) 


Table 
5. Data Direction 
I Remote 
Frame 
Direction 
I Transmission 
Request 
and Bemote 
Transmission 
Request 
Bit Combinations. 


Data 
Remote 
l'X-Request 
Function 
Direction 
Direction 


0 
0 
X 
Reception 
of Data Frame or Remote 
Frame but no Frame 
(receive) 
(receive) 
Transmission(1) 


0 
1 
0 
Data Frame Reception 
ONLY. No Frame Transmission(2) 
(receive) 
(transmit) 


0 
1 
1 
Data Frame Reception 
and Remote 
Frame Transmission(2) 
(receive) 
(transmit) 


1 
0 
0 
Remote 
Frame Reception 
ONLY. No Transmission 
of 
(transmit) 
(receive) 
Frame's.(3) 


1 
0 
1 
Remote 
Frame Reception 
and Data Frame Transmission(3) 
(transmit) 
(receive) 


1 
1 
X 
NO Frame Transmission-or 
Reception. 
No RAM write 
(transmit) 
(transmit) 
access by the IMP 


NOTES: 
1. Usefulin order to monitorbus activitiesdUringsystem development and diagnosis. 
2. NormalOperationfor reception of data or transmission of remote transmitrequest 
3. NormalOperationfor transmission of data or reception of remote transmitrequest. 


REMOTE DIRECfION 
set by the CPU and read by 
the IMP. If set to "high" and Data Direction is set to 
"low", a CPU may initiate the transmission of a Re- 
mote Frame when Transmission Request is set "high". 
(See Table 5.) 


TRANSMISSION 
REQUEST 
is modified by the 
CPU and IMP. If set to "high" by the CPU, a Data 
Frame or Remote Frame will be transmitted based on 
which bit (Data Direction or Remote Direction) is set 
to "transmit". 
Transmission Request is reset by the 
IMP after a successful transmissicn. 


TRANSFER STATUS is modifieelby the IMP and the 
CPU. This bit is set "high" (82526 transfer complete) 
by the IMP after a successful transmission or reception. 
The Transfer Status Bit is reset by the CPU in order to 
signal to the IMP that the CPU transfer is complete. 


NOTE: 
If both, Data Direction and Remote Direction are set 
"high", the corresponding data segment of a commu- 
nication object is locked for IMP access. 


TRANSFER 
INTERRUPT 
ENABLE is modified by 
the CPU. If set "high" (enable), the interrupt signal 
will be activated if the Transfer Status of a correspond- 
ing Communication Object was found complete by the 
IMP. No interrupt is generated if this bit is set to "low" 
(interrupt disabled). 


DATA LENGTH CODE is set by the CPU during the 
initialization routine and determines the number of 
bytes (data byte count) of a respective message located 
in the Data Segment. No data are sent, independent of 
the data length code. To send a remote frame, the data 
length code must not be changed. (See Table 4.) 
Table 
4. Data Length 
Code Table 


Data Byte 
Data Length 
Code 


Count 
DLCB3 
DLCB2 
DLCB 
1 
DLCBO 


0 
0 
0 
0 
0 
1 
0 
0 
0 
1 
2 
0 
0 
1 
0 
3 
0 
0 
1 
1 
4 
0 
1 
0 
0 
5 
0 
1 
0 
1 
6 
0 
1 
1 
0 
7 
0 
1 
1 
1 
8 
1 
0 
0 
0 


NOTE: 
Data byte count above eight is reserved and should NOT 
be used. 


DATA SEGMENT holds the data of the corresponding 
Communication Objective. The number of data bytes 
per segment is defined by the data length code in each 
descriptor. 


ENDMARK set to FFH by the CPU indicates to the 
IMP that there is no Communication Object stored be- 
yond the Endmark (max. address 62). The Endmark 


inter 


indicates to the IMP the end of the linked list of Com- 
munication Objects. A Communication Object Identifi- 
er can not have 'FF'H for the most significant bits as it 
would conflict with the Endmark. 


USER SEGMENT may follow the Endmark since it is 
not used by the 82526 controller. It is available to the 
user as general data memory and does not affect the 
function of the 82526. 


The 82526 communication controller supports four dif- 
ferent frame types: 


data frame 
remote frame 
error frame 
overload frame 


There are two logical bit representations 
defined- 


"dominant" and "recessive". 


A recessive bit on the bus line appears only if all con- 
nected nodes at that time send a recessive bit. If one or 
more nodes send a dominant bit, the bus line reflects a 
dominant bit. 


A recessive bit is a high-level signal of a npn-open-col- 
lector bus. 


A dominant bit always overwrites a recessive bit if 
emitted on the bus at the same time by a different node. 
If the electrical bus is implemented as an npn-open-col- 
lector bus, a dominant bit corresponds to a low level 
signal. 


A Data Frame is composed of seven different fields: 


start bit 
arbitration field 
control (identifier) field 
data field (data segment) 
CRC field 
acknowledge field 
- 
end of frame 


START OF FRAME signals the Sl:art of a data- or 
remote frame. It consists of a single dominant bit used 
for synchronization of receiving nod'ls. The 82526 will 
start a transmission only if a bus-idll: state is detected. 


INTER 
fRAME 
SPACE 
3 


END Df 
fRAME 


ACK-fIELD 
CRC-fIELD 
DATA-fiELD 
CONTROL-fiELD 
ARBITRATION-fiELD 
START Of 
fRAME 


Figure 5. Data Frame Format 


ARBITRATION 
FIELD consists of the message Iden- 


tifier and one additional control bit (Remote Transmis- 
sion Request). 


The simultaneous message transmission start of two or 
more nodes is solved by bitwise arbitration during the 
transmission of the Arbitration Field (for more details 
see bitwise arbitration). 


IDENTIFIER: 
This ll-bit 
field provides information 


about each individual message as well priority for the 
message. The Identifier defines the corresponding spe- 
cific message (e.g., engine speed, temperature, pressure, 
etc.) of a Communication Object. Its digital value rep- 
resents the message priority for bus access. 


NOTE: 
An Identifier does not define a physical station ad- 
dress to determine a Receiver of a frame on a multi- 
drop line. The 82526 controller decides, based on the 
acceptance 
filter 
process 
of a 
received 
Identifier, 


whether data being received within a correct frame are 
to be accepted or not. 


Within an 82526 based communication network, there 
exists no discrimination between a point-to-point, mul- 
ticast or broadcast communication. 


RTR BIT: A station, active as a receiver may initiate 
the transmission of the data by transmission of a Re- 
mote Frame to the network, addressing the data source 
via the Identifier. Within a data frame, the RTR-bit is 
transmitted as a dominant bit level (for more informa- 
tion see Remote Frame). 


CONTROL 
FIELD: This field ::onsists of six bits. It 
includes the data byte count and two reserved bits (fol- 
lowing the RTR-bit) which are a'atomatically transmit- 
ted with a dominant bit level. The length of the data 
field (data segment) is coded in bytes. A "O-bit" in the 
data length code (descriptor bytl: 3, DCLO-DCL3) 
is 
transmitted as a dominant level and a "one-bit" as a 
recessive level. 


DATA FIELD: Data stored within the corresponding 
Data Segment in the CommuniczLtionBuffer are trans- 
mitted within the data field. The length of the data field 
varies in the range from 0 to 8 bytes based on the value 
of the data byte count (data length code). The byte at 
the lowest address of the data segment will be transmit- 
ted MSB first. 


CRC FIELD contains the CRC check sum (15 bits) 
followed by the CRC delimiter (1 bit). The cyclic re- 
dundancy code includes the stan: bit (start of frame), 
arbitration field, control field, data field and CRC field. 
The most significant bit (MSB) is transmitted first. The 
frame check sequence implemented in the 82526 is de- 
rived from a cyclic redundancy code best suited for 
frames with a total bit count of less than 
127 bits 
(BCH-Code). With Start of Frame included in the code 
word, any rotation of the code word can be detected by 
the absence of the CRC delimiter ("recessive" bit). 


CRC-F1ELD---! 
ACK-FIELD 


15 
:::rT1 
.-l-- 
tRC"--D-E-L-It.4-rr-ER 


CRC-SEQUEI~CE 
DATA or CONTROL 
FIELD 


Figure 7. CRC Field Format 


ACKNOWLEDGE 
FIELD: 
The ACK-FIELD 
con- 
sists of two bits, the ACK-SLOT and ACK-DELIMI- 
TER which are sent with a "recessive" level by the 
transmitter. Any receiving 82526 acknowledges to the 
transmitting 
82526 a match of the complete/correct 
CRC check sum within the ACK-.~LOT by superscrib- 
ing the recessive bit with a dominant bit. A transmitter 
monitoring the bus level recogni2:es that at least one 
receiver within the system has recdved a complete and 
correct message (no error was found). 


The ACK-DELIMITER 
(recessive bit) is the second 
bit of the ACK- FIELD. As a result, the ACK-SLOT is 
surrounded by two recessive bits--the 
CRC delimiter 
and the ACK delimiter. 


1 
I 
CRC DELlt.4ITER 


END 
OF FRAME: 
Each Data 
Frame 
or Remote 
Frame is delimited by the end of frame bit sequence 
which consists of seven "recessive" bits (exceeding the 
bit stuff width by two bits). A receiver detects the end 
of a data frame independent of a previous transmission 
error because the receiver expects all bits up to the end 
of CRC-FIELD to be coded by the bit stuffing method. 
Bit stuffing is not used in end of frame. 


A Remote Frame is composed of six different fields: 
- 
start of frame 
- 
arbitration field 
- 
control field 
- 
CRC field 
- 
ACK field 
- 
end of frame 


Contrary to the Data Frame, the RTR-bit of the Re- 
mote Frame is "recessive" and no data segment is being 
transmitted independently of the Data Length Code set 
by the Descriptor of the corresponding Communication 
Object. 


The RTR-bit allows Remote Transmission 
Requests 


from any node to the system. This provides the capabil- 
ity to request information in addition to the standard 
broadcast characteristics. It also supports powerful di- 
agnostic capability by being able to determine if the 
primary supplier (data source) of a specific parame- 
ter(s) is non-functional. 


The Error Frame contains a sequence of variable length 
dominant bits as a result of error flags being transmit- 
ted by different system-nodes. This is an important as- 
pect 
of 
the 
82526 
communication 
protocol 
with 
regard to data consistency within a communication 
network. The error frame is followed by an error delim- 
iter. 


7 
I 
ERROR DELIMITER 


DATA 
._F!~ 


I 
ERROR FLAG 
FROM STATION X 


ERROR 
FLAG consists of six consecutive dominant 
bits. Since this "violates" bit stuffing guidelines, it is 
used as an error indicator to the system (see coding/de- 
coding). 


An Error Flag is transmitted if an 82526 operates as an 
error active node and has detected an error condition 
during or after a message transfer. A receiving or trans- 
mitting node may generate an error flag during or after 
a transmission. If an Error Flag is gl:nerated by a trans- 
mitter, or a receiver(s), all other nodes interpret the 
Error Flag as a bit stuffing rule violation. As a conse- 
quence, the transmission of an Error Flag occurs. The 
bit-sequence of dominant bits result from a superposi- 
tion of different Error Flags transmitted by individual 
nodes. The total length of the Error Flag sequence var- 
ies between six bits minimum to twelve bits maximum. 


An error condition is signaled by the transmission of 
six recessive bits while in the erro;r passive operation 
mode. An error passive node with a temporary local 
receiver problem will not destroy messages received 
correctly by other nodes. The reces!:ivebits may be ov- 
erwritten by an Error Flag generated by one or more 
error active system nodes, but the (~rrorpassive 82526 
waits for at least six bits of equal polarity before enter- 
ing into the next internal receive or transmit mode. (See 
Error Handling for error active/palsive mode.) 


NOTE: 
The 82526 will not perform storage of an message 
(positive acceptance filtering) into the communication 
buffer, if reception of the message was followed by an 
Error Flag. 


INTERFRAME SPACE or 
END OF FRAME or 
ERROR DELIMITER 


The error-delimiter consists of seven recessive bits gen- 
erated by the 82526 after the end of an Error Flag on 
the serial bus line. This is monitored by detection of a 
transition from the dominant to recessive bit level. 


Detected errors during the transmission of a data or 
remote frame can be signaled within the transmission 
time of the respective frame. This procedure associates 
an Error Flag to the corresponding frame, and initiates 
a retransmission of the frame. As the 82526 monitors, 
any deviation of its error frame, will start retransmit- 
ting an error frame if this occurs several times in a 
sequence the 82526 will become error passive. 


The overload frame consists of two bit fields, the over- 
load flag and the overload delimiter. 


There are two cases of overload conditions which result 
in the transmission of an overload flag: 
I. Internal conditions of the receiver circuitry of the 
82526 which require a delay time before receiving 
the next frame (receiver not ready). 
2. Detection of a "dominant" 
bit during Interframe 
Space. 


INTERFRAME 
SPACE 


7 
I 
OVERLOAD 
DELIMITER 
I 
OVERLOAD FLAG 
of Node m 
port of on 
OVERLOAD FLAG 
from Node n 


The overload frame consists of six dominant bits that 
correspond to the Error Flag and destroy the fixed 
form of the Interframe Space field. As a consequence, 
all other nodes by the dominant bit during the IFS time 
interpret the recessive to dominant edge as a start of 
frame and, therefore, also transmit an overload flag be- 
cause of an overload condition. 


The overload delimiter consists of seven recessive bits 
generated by M&E 82526. 


After transmission of an overloE.d frame, each 82526 
within the system monitors the bus line until a tran- 
sition from a dominant to a reces:;ivelevel occurs. This 
indicates to each 82526 the end of overload frames and 
each node simultaneously starts file transmission of six 
more recessive bits. 


NOTE: 
An overload frame can be transmitted earliest at the 
first bit time of the Interframe Space field. This is con- 
trary to the Error Frame and allows the 82526 to dif- 
ferentiate between both. 


Data Frame and Remote Frame are separated from 
preceding frames by an Interframe Space consisting of 
the Intermission bit field and a possible Bus Idle time. 
An error frame is not preceded by an Interframe Space. 


INTERF'RAt.4E 
SPACE-1---F'RAt.4E 
rT-Lc: 


3 I 
Jus IDLE 
INTERt.4ISSION 
(Arbitrary 
TIme) 
270506-19 


INTERMISSION 
consists of three:recessive bits. Dur- 


ing Intermission time the 82526 wi.llnot start transmis- 
sion of a frame. Intermission requires a fixed time peri- 
od for the 82526 to execute internal processes prior to 
the next receive or transmit task. 


Data received within a data frame will be stored in the 
communication buffer and the control bits are updated 
if no error condition has occurred through last bit of 
the end of frame field. 


The bus idle time may be of arbitrary length. After the 
Interframe Space period, the 82526 looks for bus idle 
before initiating transmission, if requested by a CPU. 
The detection of a dominant bit after Intermission or 
bus idle is interpreted by the 82526 as Start of Frame. 


The frame segments (start of frame, arbitration field, 
control field, data field and CRC sequence) are coded 
using bit stuffing. Whenever the transmit logic of the 
82526 detects five consecutive bits of identical levels to 
be transmitted, the logic inserts a complement bit in the 
transmitted bit stream. 


Whenever the 82526 has received five identical consec- 
utive bit levels in the received bit stream the logic auto- 
matically deletes the next bit from the data stream (des- 
tuffing). For the bit fields with a fixed bit pattern the 
receiver destuffing logic of the 82526 is turned off. 


In a case where two or more 82526s start a message 
transfer concurrently, the bus access conflict is solved 
by a bitwise arbitration method during transmission of 
the arbitration field. 


The transmit logic compares the bit level transmitted to 
the level monitored on the serial bus. The transmit logic 
immediately will stop a current message transfer if a 
recessive bit was sent but a dominant bit was moni- 
tored. This method guarantees the data transfer of the 
message with the highest priority even if there is a colli- 
sion during the arbitration field of one or more message 
Identifier(s). 


The 82526 protocol architecture defmes that each sin- 
gle message used in the communication network has a 
unique Identifier characterizing the type of data within 
the data field. Using this method, the Identifier assigns 
a name to the data frame and automatically implies the 
priority of the message. 


As a result, the Identifier during bus access represents 
not only the message name but, more important, the 
priority of each specific message. Since the most signifi- 
cant bit (MSB) of an Identifier is transmitted first, the 
Identifier with the smallest digital value has the highest 
priority for bus access. 


An Identifier can never be used for more than one spe- 
cific message (total available # of Identifiers = 2032) 
to guarantee that two or more nodes never simulta- 
neously start a transmission of a data frame with the 
same priority of data. Following this rule, bus access 
conflicts are resolved during the transmission of the 


inter 


Identifier. One exception would be the simultaneous 
transmitter and receiver initiated frame transfer. If one 
82526 generates a request for actual data of a certain 
type by transmitting a remote frame and simultaneous- 
ly, the 82526 responsible for this type of data starts the 
transmission. 
Arbitration 
can not be solved by the 
Identifier itself. 


For this reason, the RTR-bit is included in the arbitra- 
tion field. The RTR-bit of the transmitter is always set 
dominant and, therefore, has a higher priority than the 
requesting 
82526 (RTR-bit 
recessive). The 
remote 
frame request by the receiver gets an immediate re- 
sponse by the transmitter in this cas,:. 


The Error Detection mechanism is implemented for op- 
timum error detection. 


During a transmit operation, the 82526 monitors the 
bus on a bit-by-bit basis. If the bit level monitored is 
different from the transmitted one, a bit error is sig- 
naled. 


Exceptions: Arbitration and ACK-SLOT. During arbi- 
tration, a recessive bit can be overwritten by a domi- 
nant bit. In this case, the 82526 interprets a bit error as 
an arbitration loss. During the ACK- SLOT, a trans- 
mitter may detect a falsified bit (recensive to dominant). 
This situation will only occur if all receivers have de- 
tected a CRC error and, therefore, this bit error will 
not be detected by 82526. This error is not critical be- 
cause an error frame by the receivers will be generated 
after the ACK-SLOT. 


NOTE: 
Except during transmission of the arbitration field and 
during the time window of the ACK-SLOT, all global 
and local errors at the transmitter are detected. 


As described earlier, the frame segm(:nts are coded by a 
method of bit stuffing. 


There are two possibilities where bit ntuffing errors may 
occur: 
I. A disturbance 
generates more consecutive bits of 
equal level than allowed by the rule of bit stuffing. 
These errors are detected by all nodes. 


2. A disturbance falsifies one or more of the five bits 
proceeding the stuff bit. This error is not recognized 
by a receiver, but if an error appears at the transmit- 
ter as well, it will be detected as a bit error. 


Otherwise, the error is detected by a receiver either by 
the bit stuffing mechanism (the stuff bit of the transmit- 
ter is not dropped but taken as an information bit) or 
by the CRC check. 


To ensure the validity of a transmitted message, all re- 
ceivers perform a CRC check. In addition to the infor- 
mation digits, any code word includes control digits 
used for error detection. 


The code used for the 82526 is a (shortened) BCH 
Code, extended by a parity check and the following 
attributes: 
127 bits as maximum length of the code word. 
113 bits as maximum number of information digits 
(maximum 83 bits are used for the current imple- 
mentation). 
length of the CRC sequence 15 bits. 
Hamming distance d = 6 
d = min A (x EXOR y) / x,y different code words 
A(x) = number of "recessive" bits in the code 
word x 


As a result, d - I random errors are detectable (some 
exceptions exist). 


The CRC SEQUENCE is determined by the request 
that the code word, if interpreted as polynomial with 
coefficients 0 or 1 is devisable by the polynomial. 


fIx) = (Xl. + X9 + X6 + X5 + X. + X2 + X + 1) (X + 1) 
= 1100011010011001 


Burst errors are detected up to a length of 15 (degree of 
f(x». Multiple errors (number of disturbed bits at least 
d = 6) are not detected with a residual error probabili- 
ty of 3X 10-5. 


Form Errors result from the violation of the fixed form 
of the following bit fields: 
- 
end of frame 
- 
interframe space 
ACK delimiter 
- 
CRC delimiter 


inter 


During the transmission of the,e bit fields, an error 
condition is recognized if a "dormant" 
bit level is de- 
tected. 


7.5 ERROR DETECTION 
CAPABiliTIES 


Global errors, which occur at all fully functional nodes, 
are 100% detectable. 


For local errors, e.g. errors whic:1tmay appear at some 
nodes only, the shortened BCH Code extended by the 
parity check has the following error detection capabili- 
ties: 
Up to 5 single bit errors are detected 100% even if 
those errors are being distributed randomly within 
the code word. 
All single bit errors are detected if their total num- 
ber within the code word is odd. 
The residual error probability of the CRC check is 
2-15 = 3 X 10- 5. As an error may be detected by 
the CRC check, and/or by adlditional implemented 
error detection mechanism, the residual error prob- 
ability is significantly less tha 11 3 X 10- 5. 


A node may enter the OFF-Bus mode initiated by the 
EML and will not receive or transmit any message until 
a reset request is sent by the host CPU, acknowledged 
by the IMP, and the RAM configuration routine exe- 
cuted and a predefmed "wait time" (128xll 
recessive 


bits) has passed. 


A correctly received message is signaled to the trans- 
mitting node by setting a dominant bit level on the bus 
in the ACK-SLOT of the respective frame. 


Normal operation for each node is an error active 
mode. If an error is detected dUri:lg transmission of a 
frame, a node enters into the send error flag state (see 
error frame). 


An error passive node, like an error active node, may 
function as a receiver and/or 
transmitter, but actions 


based on transmit and/or 
receive error conditions are 


different. As an example, after detection of an error, an 
error passive node will send six recessive bits. If the 
error passive node is the transmitter 
of a disturbed 


frame, all other nodes detect an error with the six reces- 
sive bits since it violates the bit stuffing rule. An error 
passive receiver does not signal the detection of an error 
to the system and, therefore, will not care that error 
active nodes are not using a complete, correct message 
as received. An error passive node will, however, ac- 
knowledge the reception of a valid frame during the 
ACK-SLOT. 


INTERNAL 
RAM 
AREA 
OF THE 


THE 
82526 


DECODED 
BY cso 


DECODED 
BY CS1 


DECODED 
BY CS2 


CLOCK 
DIVIDER 
REGISTER 


PORT 
0 OAT A REGISTER 


PORT 
1 DATA 
REGISTER 


Port 0 and Port I of the 82526 are implemented in a 
way that allows the user to define the inputs and out- 
puts of a port within the data itself. A written "I" to a 
port data register either means the appropriate pin is 
set high as an output function or this pin is configured 
as input. If a pin has been written to a "I", it may be 
read correctly. 


ADD.254 
PO.7 PO.6 PO.5 PO.4 PO.3 PO.2 PO.1 PO.O 


ADD.255 
P1.7 
P1.6 
P1.5 
P1.4 
P1.3 
P1.2 
P1.1 
P1.0 


inter 


The 82526 provides a clock frequency (CLKOUT) to drive a CPU in the external clocked mode. CLKOUT is 
derived from the internal 82526 clock oscillator by a programmable divider register shown below: 


MSB 


ADD.253~ 
X 


The BTL monitors the serial bus line via its input com- 
parator and performs all the bus line related bit timing. 
The baud rate prescaler also is a part of the BTL. 


The BTL performs the following requirements: 
- 
monitoring the serial bus level 
- 
adjustment of the sample point within the bit time 
(programmable) 
- 
synchronization to the bit stream 
• hard synchronization at start of frame bit 
• resynchronization during a transfer of a frame in 
order to compensate differences of transmitter/ 
receiver clock frequencies of individual 82526s 


- 
programmable majority logic 


- 
prevention of nonsynchronizatiolJ (spikes) 


The configuration of the BTL is done during the initial- 
ization of the 82526. There are thn:e registers in the 
82526 communication buffer RAM which relate to the 
BTL: 
CONTROL-REGISTER, 
BUS-TIMING- 


REGISTER 0 and BUS-TIMING-REGISTER 
I. 


A bit time is subdivided in a number of BTL cycles. 
This number results from an addition of the program- 
mable segments SJW I, SJW 2, TSEG I and TSEG 2 
plus the general segment INSYNC. 


ONEBITnME--~ 


TSEGI 
~ 


SAMPLE POINT 
TRANSMIT POINT 
270506-20 


Meaning of the Segments 


INSYNC 


The incoming edge of a bit is expected during this state; 
this segment corresponds to one BTL cycle. 


Both segments determine the maximum SJW 2 jump 
width for resynchronization, programmable from 1 to 4 
BTL cycles. The width of SJW 1 is increased to a maxi- 
mum of two times the bit time during resynchroniza- 
tion. The width of SJW 2 is reduced or canceled to 
shorten the bit time during resynchronization. 


Determines the sampling point based on the number of 
BTL cycles programmed by TSEG I (4 bits). The sam- 
pling point is located at the end of TSEG 1 (SAM = 
0). TSEG I is used to compensate delay times on the 
bus and to have some reserved time to tolerate one or 
more non-synchronization 
pulses caused by spikes on 


the bus line. TSEG I is programmable from I to 16 
BTL cycles. 


Defines the time between the sampling point and the 
end of the bit time; programmable from I to 8 BTL 
cycles. 


This segment is necessary to tolerate one or more non- 
synchronization spikes on the bus line. Also necessary 
to guarantee sufficient time for BSP to generate a trans- 
mit signal dependent on the sampled bus level. The 
transmit point is determined internally in such a way 
that with zero delay the generated transmit signal will 
appear within the INSYNC 
state. For example, no 


transmit signal would be generated if an arbitration was 
lost. This guarantees that the transmit logic immediate- 
ly stops to continue a frame transfer and immediately 
enters into the receive mode. 


Additional programmable segments are SAM, SYN- 
CON and the baud rate. See control registers for de- 
tails. 


The number of clock cycles at every bit time determines 
(together with the oscillator frequency and the baud- 
rate-prescaler) the period of each bit time and, as a 
consequence, the baud rate. 


I billime = I INSYNC + I SJW 1 + I TSEG 1 + I 
TSEG 2 + SJW 2 


I billime = (2 x SJW + TSEG 1 + TSEG 2 + 5)x I 
BTL cycle time 


t BTL cycle = 2 x t oscillator x (baud rate-prescaler 
+ 1) 


BAUD RATE = 
2 x f oBciliator 
2 x n (baud rate-prescaler + 1) x 4 


NOTE: 
SJW I, SJW 2, TSEG I, TSEG 2, and the Baud rate 
prescaler are programmable numerical values. 


9.3 REQUIREMENTS 
FC)R 
CONFIGURATION 
OF THE BTL 


Special requirements for the conl1guration of the BTL 
relate to the location of the sample point. 


The correct location of the sample point is very impor- 
tant for proper function of a tran:;mission, especially at 
high speed and maximum cable length. For this reason, 
the following items need to be considered: 
At start of frame, all 82526s in the system synchro- 
nize "hard" on the first recessive to dominant edge. 
During arbitration, however, more than one node 
may transmit in coincidence. As a result, it may 
take two times the bus delay plus the time of the 
output driver and the input ::omparator until the 
bus line is stable. Corresponding to this, the dura- 
tion of TSEG I should reflect at least the total delay 
time. 
To improve the behavior with respect to spikes on 
the bus line, it is recommended to have an addition- 
al synchronization buffer on tlte left and right side 
of the sample point to allow one or more nonsyn- 
chronizations without sampling the wrong position 
within a bit time. At a minimum, this buffer should 
correspond to the time of the SJW segments. 


A. Restriction related to the location of the 
transmit point. 


Restrictions on the configuration are based on internal 
processing timing and relate to the localion of the 
transmit point. 


The transmit point is generated automatically, but the 
following conditions must be noted: 
After the sample point, the actual bus level is 
known. Dependent on the bus value, any node de- 
cides either to start, stop, or <:ontinue a transmis- 


sion. The decision requires a minimum of two BTL 
cycles for internal processing time. After this time peri- 
od, the 82526 is ready to transmit. 
The start point to transmit a new bit occurs earlier 
than the bit actually monitored on the bus. This is 
to compensate the internal delay times such as syn- 
chronizing to the internal clock or to perform the 
majority process (SAM = 1). 


Corresponding to the issues, the following restrictions 
regarding programming TSEG 2 and SJWlISJW2 
ap- 
ply: 


for SAM = 0 : TSEG 2 + SJW 2 > = 
3 clock cycles minimum 


for SAM = 1 : TSEG 2 + SJW 2 > = 
4 clock cycles minimum 


NOTE: 
This restriction is valid only if the baud rate- prescaler 
is programmed to zero. 


B. Restriction related to the Bit Stream 
Processor (BSP). 


Because of internal processing time, it must be ensured 
that two successive sample points never get closer than 
a minimum of five BTL cycles even when shortened by 
hard synchronization or resynchronization. In the most 
critical case, the segments TSEG 2 and SJW 2 are 
shortened by a hard synchronization. 


NOTE: 
This restriction is valid only if the baud rate- prescaler 
is programmed to zero. 


c. Restriction related to the Bit Timing Logic 
(BTL). 


Because of BTL internal requirements, it is not allowed 
to program the following parameters at the same time: 


NOTE: 
This restnctlOn is independent 
of the value of the 
baud rate-prescaler. 


9.5 MINIMUM 
CONFIGURATION 
OF 
BTL BAUD 
RATE-PRESCALER 
= 0 
Considering all restrictions, 
a bit time can be pro- 
grammed to a minimum of eight BTL cycles for baud 
rate-prescaler = 0 and SAM = O. 


inter 


---------BIT 
TIt.4E--·------- 


jlNSYNC :4::.:t~TSEG 
It::i=-TSEF21 
SJW2[ 


ONEBTLCYCLETIt.4E 
SAt.4PLEPOINT 
TRANSt.4ITPOINT 
270506-21 


NOTE: 
One BTL Cycle 
= One System 
CYClE', 


Figure 13. Minimum Conflgura'Uon with Baud 
Rate-Prescaler = 0 and l:lAM = 0 


Considering all restrictions, a bit time can be pro- 
grammed to a minimum of six BTL cycles for baud- 
rate-prescaler > = 1 and SAM = O. 


--------BIT 
TIt.4E--,------ 


]INSYNC:..:::bTSEGl~-TSEF 
2 t SJW21 


ONEBTLCYCLETIt.4E 
SAt.4PLEPOINT 
TRANSt.4ITPOINT 
270506-22 


NOTE: 
One BTL Cycle 
= Two or more Systom 
Cycles. 


Figure 14. Minimum Configuratllon with Baud 
Rate-Prescaler = 0 and SAM = 0 


Synchronization is performed by a state machine which 
compares the incoming edges with its actual bit timing 
and adapts the bit timing by hard synchronization or 
resychronization. 


HARD SYNCHRONIZATION 
occurs only at the be- 
ginning of a frame. The 82526 synchronizes to the first 
incoming recessive to dominant edge of a frame. 


RESYNCHRONIZATION 
occurs d.uring the message 


bit stream to compensate differences in the oscillator 
frequencies of individual 82526s as well as changes in- 
troduced by switching from one to another transmitter; 
e.g., after arbitration of two or more nodes. 


SJW Iand SJW 2 define the maximum number of clock 
cycles a bit time may be shortened or lengthened by 
resynchronization. 


Resynchronization can be performed on both edges- 
recessive to dominant and dominant to recessive or on 
the recessive to dominant edge only, dependent on the 
programmed bit of SYNCON. 


SYNCON = 1: Synchronization on both edges. Syn- 
chronization is always done on the edge of a bus level 
which is different from the one read at the last sample 
point. 


SYNCON = 0: Synchronization on the edge of a dom- 
inant level only if the bus level monitored at the last 
sample point was a recessive level. 


This restriction is necessary because of physical bus 
characteristics at the maximum cable length and high 
baud rates. 


Synchronization is done once during a bit time and is 
released after the sample point dependent on the level 
of the actual bit. Thereafter, the BTL state machine 
synchronizes to the next relevant edge and then, syn- 
chronization 
is being suppressed until the following 


sample point. 


By resynchronization, the bit time can be lengthened or 
shortened based on the following conditions: 


an edge appears in the segment SJW 1 or TSEG 1 
~ 
lengthen 
an edge appears in the segment SJW 2 or TSEG 2 
~ 
shorten 


NOTE: 
An 
82526 transmitting 
a dominant 
bit 
does 
not 


lengthen (synchronize) the bit time if SYNCON is set 
to zero. This is important for a high speed bus in or- 
der to ensure the delay time of the output driver and 
input comparator does not cause a permanent length- 
ening of the bit time of the transmitter 
and, conse- 


quently, of all receivers. 


inter 


Symbol 
Parameter 
Mln 
Typ 
Max 
Conditions 


Vll 
Input low voltage 
-0.5V 
0.8V 
(All except XTAL 1,XTAL2) 


VIH 
Input high voltage 
2.0V 
Vee + 0.5 
(All except XTAL 1,XTAL2, RESETBar) 


VIH1 
Input high voltage 
3.5V 
Vee + 0.5 
(RESETBar) 


Hysteresis 
on RES~Bar 
200mV 


VOL 
Output low voltage 
OAV 
IOl = 1.6mA 
(All outputs 
except Port2, TXO,TX1) 


VOl1 
Output low voltage 
0.4V 
IOl = 3.2mA 
(Port2) 


VOH 
Output high voltage' 
2AV 
IOH = 
-80 
IJoA 
(All outputs 
except 
Port2, TXO, TX1) 


VOH1 
Output high voltage 
2.4V 
IOH= -400 
IJoA 
(Port2) 


ILK 
Input leakage current 
±10 
IJoA 
Vss < VIN < Vee 
(except PortO/Port1) 


III 
Low level input current 
-501JoA 
VIN = OAV 
(PortO/Port1 ) 


ITl 
Logical 1 to 0 transition 
-650 
IJoA 
VIN = 2V 
current (PortO/Port"l) 


Ice 
Supply current 
22mA 
36mA 
fXTAL 
= 16 MHz 


ISM 
Sleep mode supply current 
1.2 mA 
2.2mA 
fXTAL 
= 1 MHz 
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A.C. CHARACTERISTICS 
Conditions: 
TA = 
-4O"C 
to + 125°C, VCC = 5V ± 10%, VSS = OV, Port 2 outputs: CL = 
150 pF, All 
other 
outputs: CL = 80 pF 


Symbol 
Parameter 
Min 
Typ 
Max 


1/tXTAL 
Oscillator 
Frequency(1) 
1 MHz 
16 MHz 


tAVLL 
Address Valid to ALE Low 
20 ns 


tLLAX 
Address 
Hold after ALE Low 
25 ns 


tLLDV 
ALE or CS(2) Low to 
3tXT AL + 70 ns 
5tXT AL + 70 ns 
Valid Data Out 


tRHDZ 
Data Float afte'r RD High 
10 ns 
50 ns 


tRLDV 
Valid Data Out Delay from 
70 ns 
Read Control 


tQVWH 
Input Data SetJp to WR 
20 ns 
High 


tWHQX 
Input Data Hold after WR 
30 ns 
High 


tWHDV 
WR High to Output Data 
4tXT AL + 60 ns 
Valid on Port 0 or Port 1 


tWHLL 
WR High to Next ALE or 
2tXTAL + 5 ns 
CS Low(2,3) 


tWHWL 
Time between 
Writes 
4tXTAL + 5 ns 


tLLWH 
ALE or CS(2) L'DWto WR 
4tXTAL + 5 ns 
High 


tLLYV 
End of ALE to I~DY Setup 
100 ns 


tLLYH 
End of ALE to HDY High 
4tXTAL + 50 ns 
6tXT AL + 50 ns 


tLCSL 
ALE or CS Lo\/\' to 
35 ns 
CSO-1-2 Low(21 


tHCSX 
CSO-1-2 Float after ALE 
30 ns 
or CS High(4, 5) 


tXlNT 
EXINT Low to iNT Low 
35 ns 


NOTES: 
1. The design goal is 24 MHz but this might not be possible with P445 process. 16 MHz is the value agreed upon by all 
parties during last design review. 
2. Whichever falling edge is last. 
3. Some pipe-lining of the write accesses is possible. This spec is important mainly when processor speed is higher than 
iCAN speed (use of the RDY output ... ). 
4. Whichever risinwge 
comes first. 


5. CSO,CST and CS2 are open drain outputs. 


RXO/FIX1 
Mln 
Max 
Conditions 


Input voltage 
-0.5V 
Vcc + 0.5V 


Common 
mode range 
1.5V 
Vcc 
- 
1.5V 


Latchup trigger current 
±35mA 


TX01TX1 
Mln 
Max 
Conditions 


Source current 
-1.5 
mA 
Vout = Vcc 
- 
0.2V 


-6.0 
mA 
Vout = Vcc 
- 
1.0V 


Sink current 
5.0mA 
Vout = 0.2V 


20.0mA 
Vout = 1.0V 


Maximum 
permitted 
source 
-8.0 
mA 
current (TXO,TX1 together) 


Maximum 
permitted 
sink 
22.0 mA 
current (TXO,TX1 together) 


CL = 5DpF 
Mln 
Max 
Conditions 


CLKOUT frequency 
(1IT) 
fXTAL/30(1) 
16 MHz 


Rise time(2) 
15ns 


Fall time(2) 
10ns 


High time 
20ns 
fXTAL = 16 MHz 


Low time 
20ns 
fXTAL = 16 MHz 


NOTES: 
1. lOUT = IXTALIR with R = 1,2,4,6,8, ... 2 x rand rmax = 15 
2. Measured belwElen0.1 Vce and 0.9 Vcc 
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ARCHITECTURAL 
OVERVIEW 
OF THE MCS®-:51 
FAMILY OF MICROCONTROLLERS 


AUTOMOTIVE 


The MCS@·51 family of microcontrDllers 
consists 
of the devices listed in Table 
1. The basic architectural 
structure 
of 
these devices 
is shown 
in Figure 
1. 


8K ROM 
IN 8052 j-------, 
, 
' 
, 
' 
, 
' 


,-------. 
I 
TIMER2 
~~_ - - _j 
I 
(8052) 
, 


256 BYTES 
TIMER1 
COUNTER 


RAM IN 8052 
INPUTS 


TIMER0 


Device 
ROMless 
EPROM 
ROM 
RAM 
16-Blt 
Ckt 
Name 
Version 
Version 
Bytes 
Bytes 
Timers 
Type 


8051 
8031 
(8751) 
4K 
128 
2 
HMOS 


8051AH 
8031AH 
8751H 
4K 
128 
2 
HMOS 


8052AH 
8032AH 
8752BH 
8K 
256 
3 
HMOS 


80C51BH 
80C31 BH 
87C51 
4K 
128 
2 
CHMOS 


83C51FA 
80C51FA 
87C51FA 
8K 
256 
4 
CHMOS 


80C51GB 
80C51GB 
87C51GB 
8K 
256 
4 
CHMOS 


Figure 
1. Block 
Diagram 
of the 8051/8052AH 


Table 
1. The MCS@-51 Family 
of Mlcrocontrollers 


The 8051 is the original member of the MCS-51 Fami- 
ly, and has been in production since 1981. Among the 
features of the 8051 are: 
• 8-bit CPU optimized for control applications 
• Extensive Boolean processing (single-bit logic) 
capabilities 
• 32 bidirectional and individually addressable I/O 
lines 


• 
128 bytes of on-chip Data RAM 
• Two 16-bit timer/counters 


• Full duplex UART 
• 5-source interrupt structure with 2 priority levels 


• On-chip clock oscillator 
• 4K bytes of on-chip Program Memory 
• 64K Program Memory address space 
• 64K Data Memory address space 


The 8031 differs from the 8051 in not having the on- 
chip Program ROM. Instead, the 8031 fetches all in- 
structions from external memory. 


The EPROM version of the 8051, the 8751, is no longer 
in production. It has been superst:ded by the 8751H. 


The 8051AH is identical to the 8051, but is fabricated 
with HMOS II technology. It is pin-for-pin compatible 
with the 8051. 


The ROMless version of the 805JAH is the 8031AH. 
The EPROM version is the 8751H. 


The 8052AH is an enhanced 8051. It is fabricated with 
HMOS II technology, and is backwards compatible 
with the 8051. Its enhancements over the 8051 are as 
follows: 
• 256 bytes of on-chip Data RAM 
• Three timer/counters 
• 6-source interrupt structure 
• 8K bytes of on-chip Program ROM 


The ROMless version of the 8052AH is the 8032AH. 
The EPROM version is the 8752BH. 


A 
separate 
product, 
the 
8052AH-BASIC, 
is 
an 
8052AH with a full BASIC interpreter in the on-chip 
ROM. 


The 8OC51BH is the CHMOS version of the 8051. 
Functionally, it is fully compatible with the 8051, but 
being CMOS it draws less current than its HMOS 
counterpart. To further exploit the power savings avail- 
able in CMOS circuitry, two reduced power modes are 
added: 
• Software-invoked Idle Mode, during which the CPU 
is turned off while the RAM and other on-chip 
peripherals continue operating. In this mode, cur- 
rent draw is reduced to about 15% of the current 
drawn when the device is fully active. 
• Software-invoked Power Down Mode, during which 
all on-chip activities are suspended. The on-chip 
RAM continues to hold its data. In this mode the 
device typically draws less than 10 /LA. 


Although the 8OC51BHis functionally compatible with 
its HMOS counterpart, specific differences between the 
two types of devices must be considered in the design of 
an application circuit if one wishes to ensure complete 
interchangeability between the HMOS and CHMOS 
devices. These considerations are discussed in the Ap- 
plication 
Note 
AP-252, 
"Designing 
with 
the 
80C5IBH". 


The 
ROMless 
version 
of 
the 
8OC51BH is 
the 
8OC3IBH. The EPROM version is the 87C51. 


The 83C51FA is an enhanced version of the 8OC51BH 
and is backwards compatible with the 8OC5IBH. The 
new features which have been incorporated are as fol- 
lows: 


• Programmable Counter Array with 
Compare/Capture 
High Speed Output 
Pulse Width Modulator 
Watchdog Timer' 


• Programmable Serial Channel 
Automatic Address Recognition 
Framing Error Detection 


• Enhanced Power Down Mode 
• Up/down timer/counter 
• 8 Kbytes of on-chip Program ROM 
• 256 bytes of on-chip Data RAM 
• 7-source interrupt structure 


For further information on these new features, refer to 
the "Hardware Description of the 83C51FA" chapter. 


The ROMless version of the 83C51FA is the 8OC5IFA. 
The EPROM version is the 87C51FA. 
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PROGRAIot IotI:IotORY 
(READ ONLY) 
-----_._._-------------- 


EA=O 
EXTERNAL 
EA= 1 
INTERNAL 


DATA IotEIotORY 
(READ/WRITE) 
---------------------------. 


INTERNAL 
FFH:~ _ ••••• 
,....----, 


I 
I 
I 
I 


MEMORY 
ORGANIZATIOIIiIN 


MCS®·51 
DEVICES 


Logical Separation 
of Program and 


Data Memory 


All MCS-51 devices have separate address spaces for 
Program and Data Memory, as shown in Figure 2. The 
logical separation of Program and D!lta Memory allows 
the Data Memory to be accessed by 8-bit addresses, 


which can be more quickly stored and manipulated by 
an 8-bit CPU. Nevertheless, 16-bit Data Memory ad- 
dresses can also be generated through the DPTR regis- 
ter. 


Program Memory can only be read, not written to. 
There can be up to 64K bytes of Program Memory. In 
the 8051, 8051AH, 8OC5IBH, and their EPROM ver- 
sions, the lowest 4K bytes of Program Memory are on· 
chip. The 8052AH and 83C51FA provide 8 Kbytes of 
on-chip Program 
Memory storage. In the ROMless 


versions all Program Memory is external. The read 
strobe for external Program 
Memory is the signal 
PSEN (Program Store Enable). 


Data Memory occupies a separate address space from 
Program Memory. Up to 64K bytes of external RAM 
can be addressed in the external Data Memo~ace. 
The CPU generates read and write signals, RD and 
WR, as needed during external Data Memory accesses. 


External Program Memory and e:dernal Data Memory 
may be combined if desired by applying the RD and 
PSEN signals to the inputs of an AND gate and using 
the output of the gate as the read strobe to the external 
ProgramlData 
memory. 


Figure 3 shows a map of the loweJfpart of the Program 
Memory. After reset, the CPU begins execution from 
location OOOOH. 


As shown in Figure 3, each intermpt is assigned a fixed 
location in Program Memory. The interrupt causes the 
CPU to jump to that location, where it commences exe- 
cution of the service routine. Extl:rnal Intermpt 0, for 
example, is assigned to location (x)()3H.If External In- 
terrupt 0 is going to be used, its service routine must 
begin at location lXlO3H.If the intc:rrupt is not going to 
be used, its service location is aval.lableas general pur- 
pose Program Memory. 


00lBH=r 
8 BYTES 
0013H 


The interrupt service locations are spaced at 8-byte in- 
tervals: lXlO3Hfor External Interrupt 
0, lXlOBHfor 


Timer 0, OOI3H for External Intetrupt 
I, OOIBH for 


Timer I, etc. If an interrupt servI,ce routine is short 
enough (as is often the case in control applications), it 
can reside entirely within that 8-byte interval. Longer 
service routines can use a jump instruction to skip over 


subsequent interrupt locations, if other interrupts are in 
use. 


The lowest 4K (or 8K, in the 8052AH and 83C51FA) 
bytes of Program Memory can be either in the on-chip 
ROM or in an externa.l ROM. This selection is made by 
strapping the EA (External Access) pin to either Vcc 
or VSS' 


In the 8051 and its derivatives, if the EA pin is strapped 
to Vco then program 
fetches to addresses OOOOH 


through OFFFH are directed to the internal ROM. Pro- 
gram fetches to addresses IlXlOHthrough FFFFH 
are 


directed to externa.l ROM. 


In the 8052AH and the other 8K ROM parts, EA 
Vcc selects addresses OOOOHthrough IFFFH to be in- 
ternal, and addresses 2lXlOHthrough FFFFH to be ex- 
ternal. 


If the EA pin is strapped to Vss' then a.Il program 
fetches are directed to external ROM. The ROMless 
parts (8031, 8032AH, etc.) must have this pin externa.l- 
Iy strapped to VSSto enable them to execute from ex- 
ternal Program Memory. 


The read strobe to external ROM, PSEN, is used for all 
external program fetches, PSEN is not activated for in- 
ternal program fetches. 


Figure 4. Executing 
from External 
Program 
Memory 


The hardware configuration for external program exe- 
cution is shown in Figure 4. Note that 16 I/O lines 
(Ports 0 and 2) are dedicated to bus functions during 
external Program Memory fetches. Port 0 (POin Figure 
4) serves as a multiplexed address/data 
bus. It emits 


the low byte of the Program Counter (PCL) as an ad- 
dress, and then goes into a float state awaiting the arriv- 
al of the code byte from the Program Memory. During 
the time that the low byte of the Program Counter is 
valid on PO, the signal ALE (Address Latch Enable) 
clocks this byte into an address latch. Meanwhile, Port 
2 (p2 in Figure 4) emits the high byte of the Program 
Counter (PCH). Then PSEN strobes the EPROM and 
the code byte is read into the microcontroller. 


Program Memory addresses are always 16 bits wide, 
even though the actual amount of Program Memory 
used may be less than 64K bytes. External program 
execution sacrifices two of the 8-bit ports, POand P2, to 
the function of addressing the Program Memory. 


The right half of Figure 2 shows thl~internal and exter- 
nal Data Memory spaces available to the MCS-51 user. 


Figure 5 shows a hardware configuration for accessing 
up to 2K bytes of external RAM. The CPU in this case 
is executing from internal ROM. Port 0 serves as a 
multiplexed address/data 
bus to th,~RAM, and 3 lines 


of Port 2 are being used to page the RAM. The CPU 
generates RD and WR signals as needed during exter- 
nal RAM accesses. 


Figure 5. Accessing 
External 
Data Memory. 
If the Program 
Memory 
Is Internal, 
the Other 
Bits of P2 are Available, as I/O. 


There can be up to 64K bytes of ex1ernal Data Memo- 
ry. External Data Memory addresses can be either 1 or 
2 bytes wide. One-byte addresses are' often used in con- 
junction with one or more other I/O lines to page the 
RAM, as shown in Figure 5. Two-byte addresses can 
also be used, in which case the high address byte is 
emitted at Port 2. 
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Internal Data Memory is mapped in Figure 6. The 
memory space is shown divided into three blocks, 
which are generally referred to as the Lower 128, the 
Upper 128, and SFR space. 


Internal Data Memory addresses are always one byte 
wide, which implies an address space of only 256 bytes. 
However, the addressing modes for internal RAM can 
in fact accommodate 384 bytes, using a simple trick. 
Direct addresses higher than 7FH access one memory 
space, and indirect addresses higher than 7FH access a 
different memory space. Thus Figure 6 shows the Up- 
per 128 and SFR space occupying the same block of 
addresses, 80H through FFH, although they are physi- 
cally separate entities. 
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STACK 
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BANKS 
OF 
REGISTERS 
C-R7 


The Lower 
128 bytes of RAM 
are present 
in all 


MCS-51 devices as mapped in Figure 7. The lowest 32 
bytes are grouped into 4 banks of 8 registers. Program 
instructions call out these registers as RO through R7. 
Two bits in the Program Status Word (PSW) select 
which register bank is in use. This allows more efficient 
use of code space, since register instructions are shorter 
than instructions that use direct addressing. 


AVAILABLE 
AS STACK 


SPACE 
IN 8052AH. 


83C51FA 


inter 


I'SW 7 
CARRY fLAG 
RECEIVES CARRf 
OUT 
fRO~ 
BIT 1 Of 
ALU 
OPEFIANDS 


PSW 6 
AUXILIARY 
CARRY fLAG 
RECEIVES 
CARRY OUT fRO~ 
BIT 1 Of 
ADDITION 
OPERANDS 


PSW 0 
PARITY Of 
ACCU~ULATOR 
SET 


BY HARDWARE TO 1 If 
IT CONTAINS 
AN ODD NU~BER 
Of 
1S. OTHERWISE 


IT IS RESET TO 0 


PSW 2 
OVERfLOW 
fLAG 
SET BY 


ARITH~ETIC 
OPERATIONS 


The next 16bytes above the register banks form a block 
of bit-addressable memory space. The MCS-51 instruc- 
tion set includes a wide selection of single-bit instruc- 
tions, and the 128 bits in this arc:a can be directly ad- 
dressed by these instructions. Th,: bit addresses in this 
area are OOHthrough 7FH. 


All of the bytes in the Lower 128 can be accessed by 
either direct or indirect addressing. The Upper 
128 


(Figure 8) can only be accessed by indirect addressing. 
The Upper 128 bytes of RAM are not implemented in 
the 8051, but are in the 8052AH and 83C51FA. 


Figure 9 gives a brief look at the Special Function Reg- 
ister (SFR) space. SFRs include the Port latches, tim- 
ers, peripheral controls, etc. These' registers can only be 
accessed by direct addressing. In general, all MCS-51 
microcontrollers have the same SJPRsas the 8051, and 
at the same addresses in SFR spac,e.However, enhance- 
ments to the 8051 have additional SFRs that are not 
present in the 8051, nor perhaps b other proliferations 
of the family. 


·· 
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PORT 3 
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PORT 0 


-PORT 
PINS 
-I,CCU~ULATOR 
-fl5W 
(ETC.) 


ADDRE;SES 
THAT END IN 
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BIT-A[ 
DRESSABLE 


Sixteen addresses in SFR space are both byte- and bit- 
addressable. The bit-addressable SFRs are those whose 
address ends in OOOB.The bit addresses in this area are 
80H through FFH. 


All members of the MCS-51 family execute the same 
instruction 
set. The MCS-51 instruction 
set is opti- 


mized for 8-bit control applications. It provides a vari- 
ety of fast addressing modes for accessing the internal 
RAM to facilitate byte operations on small data struc- 
tures. The instruction set provides extensive support for 
one-bit variables as a separate data type, allowing direct 
bit manipulation in control and logic systems that re- 
quire Boolean processing. 


An overview of the MCS-51 instruction set is presented 
below, with a brief description of how certain instruc- 
tions might be used. References to "the assembler" in 
this discussion are to Intel's MCS-51 Macro Assembler, 
ASM51. More detailed information on the instruction 
set can be found in the MCS-51 Macro Assembler Us- 
er's Guide (Order No. 9800937 for ISIS Systems, Order 
No. 122752 for DOS Systems). 


The Program 
Status Word (pSW) contains 
several 


status bits that reflect the current state of the CPU. The 
PSW, shown in Figure 10, resides in SFR space. It con- 
tains the Carry bit, the Auxiliary Carry (for BCD oper- 
ations), the two register bank select bits, the Overflow 
flag, a Parity bit, and two user-defmable status flags. 


The Carry bit, other than serving the functions of a 
Carry bit in arithmetic operations, also serves as the 
"Accumulator" 
for a number of Boole:anoperations. 


inter 


The bits RSOand RS I are used to !;e1ectone of the four 
register banks shown in Figure 7. A number of instruc- 
tions refer to these RAM locatiom; as RO through R7. 
The selection of which of the four banks is being re- 
ferred to is made on the basis of the bits RSO and RSI 
at execution time. 


The Parity bit reflects the number of Is in the Accumu- 
lator: P = I if the Accumulator contains an odd num- 
ber of Is, and P = 0 if the Accumulator contains an 
even number of Is. Thus the number of Is in the Accu- 
mulator plus P is always even. 


Two bits in the PSW are uncommitted and may be used 
as general purpose status flags. 


The addressing modes in the MCS-51 instruction set 
are as follows: 


In direct addressing the operand is :ipecifiedby an 8-bit 
address field in the instruction. 
Only internal Data 


RAM and SFRs can be directly addressed. 


In indirect addressing the instructio~1specifies a register 
which contains the address of the operand. Both inter- 
nal and external RAM can be indirectly addressed. 


The address register for 8-bit addr~ses can be RO or 
RI of the selected register bank, or the Stack Pointer. 
The address register for 16-bit addresses can only be the 
l6-bit "data pointer" register, DPTR. 


The register banks, containing registers ROthrough R7, 
can be accessed by certain instructwns which carry a 
3-bit register specification within the opcode of the in- 
struction. Instructions that access the registers this way 
are code efficient, since this mode eliminates an address 
byte. When the instruction is executlld, one of the eight 
registers in the selected bank is accessed. One of four 
banks is selected at execution time by the two bank 
select bits in the PSW. 


Some instructions are specific to a Cllrtain register. For 
example, some instructions always operate on the Ac- 
cumulator, or Data Pointer, etc., so no address byte is 
needed to point to it. The opcode itself does that. In- 
structions that refer to the Accumlator as A assemble 
as accumulator-specific opcodes. 


The value of a constant can follow the opcode in Pro- 
gram Memory. For example, 


loads the Accumulator with the decimal number 100. 
The same number could be specified in hex digits as 
64H. 


Only Program Memory can be accessed with indexed 
addressing, and it can only be read. This addressing 
mode is intended for reading look-up tables in Program 
Memory. A 16-bit base register (either DPTR or the 
Program Counter) points to the base of the table, and 
the Accumulator is set up with the table entry number. 
The address of the table entry in Program Memory is 
formed by adding the Accumulator 
data to the base 


pointer. 


Another type of indexed addressing is used in the "case 
jump" instruction. In this case the destination address 
of a jump instruction is computed as the sum of the 
base pointer and the Accumulator data. 


The menu of arithmetic instructions is listed in Table 2. 
The table indicates the addressing modes that can be 
used with each instruction to access the <byte> 
oper- 


and. For example, the ADD A, <byte> 
instruction can 


be written as: 


ADD 
ADD 
ADD 
ADD 


A,7FH 
A,@RO 
A,R7 
A,#127 


(direct addressing) 
(indirect addressing) 
(register addressing) 
(immediate constant) 


The execution times listed in Table 2 assume a 12 MHz 
clock frequency. All of the arithmetic instructions exe- 
cute in I /Lsexcept the INC DPTR instruction, which 
takes 2 J.Ios,and the Multiply and Divide instructions, 
which take 4 /Ls. 


Note that any byte in the internal Data Memory space 
can be incremented 
or decremented 
without 
going 


through the Accumulator. 


One of the INC instructions operates on the 16-bit 
Data Pointer. The Data Pointer is used to generate 
16-bit addresses for external memory, so being able to 
increment it in one 16-bit operation is a useful feature. 


The MUL AB instruction multiplies the Accumulator 
by the data in the B register and puts the 16-bit product 
into the concatenated B and Accumulator registers. 
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Mnemonic 
Operation 
Addressing 
Modes 
Execution 


Dlr 
Ind 
Reg 
Imm 
Time (/J-s) 


ADD 
A,<byte> 
A = A + <byte> 
X 
X 
X 
X 
1 


ADDC A,< byte> 
A = A + <byte> 
+ C 
X 
X 
X 
X 
1 


SUSS A, <byte> 
A = A - 
<byte> 
- C 
X 
X 
X 
X 
1 


INC 
A 
A=A+1 
Accumulator only 
1 


INC 
<byte> 
<byto> 
= <byte> 
+ 1 
X 
X 
X 
1 


INC 
DPTR 
DPTR = DPTR + 1 
Data Pointer only 
2 


DEC 
A 
A=A-1 
Accumulator only 
1 


DEC 
<byte> 
<bytEl> = <byte> 
- 
1 
X 
X 
X 
1 


MUL 
AS 
S:A = SxA 
ACC and S only 
4 


DIV 
AS 
A = Il'lt (AlB] 
ACC and B only 
4 
B = Mod (AlB] 


DA 
A 
Decimal Adjust 
Accumulator only 
1 


The DIY AB instruction divides the Accumulator by 
the data in the B register and leaves the 8-bit quotient 
in the Accumulator, and the 8-bit:remainder in the B 
register. 


completes the shift in 4 /J-sand leaves the B register 
holding the bits that were shifted out. 


The DA A instruction is for BCD arithmetic opera- 
tions. In BCD arithmetic, ADD and ADDC instruc- 
tions should always be followed by a DA A operation, 
to ensure that the result is also in BCD. Note that DA 
A will not convert a binary number to BCD. The DA 
A operation produces a meaningful result only as the 
second step in the addition of two BCD bytes. 


Oddly enough, DIY AB finds less use in arithmetic 
"divide" routines than in radix conversions and pro- 
grammable shift operations. An e:tample of the use of 
DIY AB in a radix conversion will be given later. In 
shift operations, dividing a numb~r by 2n shifts its n 
bits to the right. Using DIY AB to perform the division 


Tabht 3. A List of the MCS~·51Logical Instructions 


Mnemonic 
Operation 
Addressing 
Modes 
Execution 


Dlr 
Ind 
Reg 
Imm 
Time (/J-s) 


ANL 
A,<byte> 
A =, A .AND. <byte> 
X 
X 
X 
X 
1 


ANL 
<byte> ,A 
<b~e> 
= <byte> 
.AND.A 
X 
1 


ANL 
< byte>, #data 
<b'~e> 
= <byte> 
.AND. #data 
X 
2 


ORL 
A,<byte> 
A =, A .OR. <byte> 
X 
X 
X 
X 
1 


ORL 
<byte>,A 
<byte> 
= <byte> 
.OR. A 
X 
1 


ORL 
<byte>,#data 
<byte> 
= <byte> 
.OR. #data 
X 
2 


XRL 
A,<byte> 
A = A .XOR. <byte> 
X 
X 
X 
X 
1 


XRL 
<byte> ,A 
< byte> = < byte> .XOR.A 
X 
1 


XRL 
<byte>,#data 
<byte> 
= <byte> 
.XOR. #data 
X 
2 
CRL 
A 
A = OOH 
Accumulator only 
1 


CPL 
A 
A = .NOT.A 
Accumulator only 
1 
RL 
A 
Rotate ACC Left 1 bit 
Accumulator only 
1 


RLC 
A 
Rotate Left through Carry 
Accumulator only 
1 
RR 
A 
Rotate ACC Right 1 bit 
Accumulator only 
1 
RRC 
A 
Rotate Right through Carry 
Accumulator only 
1 
SWAP A 
Swap Nibbles in A 
Accumulator only 
1 
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Table 
3 shows 
the list of MCS-51 
logical 
instructions. 


The 
instructions 
that 
perform 
Boolean 
operations 


(AND, 
OR, Exclusive 
OR, NOT) 
on bytes perform 
the 


operation 
on a bit-by-bit 
basis. That 
is, if the Accumu- 


lator 
contains 
001101O1B 
and 
<byte> 
contains 


0101oo11B, 
then 


The 
addressing 
modes 
that 
can be· used 
to access 
the 


<byte> 
operand 
are listed in Table 
3. Thus, 
the ANL 


A, <byte> 
instruction 
may take any of the forms 


ANL 
ANL 
ANL 
ANL 


A,7FH 
A,@RI 
A,R6 
A,1I53H 


(direct 
addressing) 


(indirect 
addressing) 


(register 
ad.dressing) 


(immediate 
constant) 


All of the 
logical 
instructions 
tha'~ are Accumulator- 


specific 
execute 
in I,...s (using 
a 12 MHz 
clock). 
The 


others 
take 2 ,...S. 


Note that Boolean 
operations 
can be performed 
on any 


byte in the internal 
Data 
Memory 
space without 
going 


through 
the Accumulator. 
The 
XRL 
<byte>, 
IIdata 


instruction, 
for example, 
offers a quick and easy way to 


invert 
port bits, as in 


If the operation 
is in response 
to an interrupt, 
not using 


the Accumulator 
saves the time and effort to stack it in 


the service 
routine. 


The 
SWAP 
A instruction 
interchanges 
the 
high 
and 


low nibbles 
within 
the 
Accumulator. 
This 
is a useful 


operation 
in BCD 
manipulations. 
For 
example, 
if the 


Accumulator 
contains 
a binary 
number 
which is known 


to be less than 
100, it can be quickly 
converted 
to BCD 


by the following 
code: 


MOV 
DIV 
SWAP 
ADD 


B,IIIO 
AB 
A 
A,B 


Dividing 
the number 
by 10 leaves the tens digit in the 


low nibble of the Accumulator, 
and the ones digit in the 


B register. 
The SWAP 
and ADD 
instructions 
move the 


tens digit 
to the high 
nibble 
of the Accumulator, 
and 


the ones digit to the low nibble. 


Table 
4 shows the menu 
of instructions 
that 
are avail- 


able for moving 
data around 
within 
the internal 
memo- 


ry spaces, 
and the addressing 
modes 
that 
can be used 


with each one. With 
a 12 MHz 
clock, 
all of these 
in- 


structions 
execute 
in either 
I or 2 ,...s. 


The MOV 
< dest > , <src> 
instruction 
allows 
data 
to 


be transferred 
between 
any two internal 
RAM 
or SFR 


locations 
without 
going through 
the Accumulator. 
Re- 


member 
the Upper 
128 byes of data 
RAM 
can be ac- 


cessed only by indirect 
addressing, 
and SFR space only 


by direct 
addressing. 


The Rotate 
instructions 
(RL A, RLC 
A, etc.) shift the 


Accumulator 
I bit to the left or ri~;ht. For a left rota- 


tion, the MSB rolls into the LSB pJsition. 
For a right 


rotation, 
the LSB rolls into the MS:B position. 


Table 4. A List of the MCS®-51 
Data Transfer 
Instructions 
that Access 
Internal 
Data Memory 
Space 


Note 
that 
in all MCS-51 
devices, 
the stack 
resides 
in 


on-chip 
RAM, 
and grows upwards. 
The PUSH 
instruc- 


tion first increments 
the Stack Pointer 
(SP), then copies 


the byte into the stack. PUSH 
and POP use only direct 


addressing 
to identify 
the byte being saved or restored, 


Mnemonic 
Operation 
Addressing 
Modes 
Execution 


Dlr 
Ind 
Reg 
Imm 
Time (,...s) 


MOV 
A, <src> 
A= 
<src> 
X 
X 
X 
X 
1 


MOV 
<dest> ,A 
<dest> 
=A 
X 
X 
X 
1 


MOV 
<dest> , <src> 
< de:st> = <src> 
X 
X 
X 
X 
2 


MOV 
DPTR,lIdata16 
DPTI~ = 16-bit immediate constant. 
X 
2 


PUSH 
<src> 
INC BP: MOV "@SP",<src> 
X 
2 


POP 
<dest> 
MOV <dest>, 
"@SP" : DECSP 
X 
2 


XCH 
A,<byte> 
ACC and < byte> exchange data 
X 
X 
X 
1 


XCHD A,@Ri 
ACC and @Riexchange low nibbles 
X 
1 


but the stack itself is accessed by indirect addressing 
using the SP register. This meam; the stack can go into 
the Upper 128, if they are impkmented, 
but not into 
SFR space. 


The Upper 
128 are not implemented 
in the 8051, 
8051AH, 
or 
80C51BH, nor 
in their 
ROMless 
or 
EPROM counterparts. 
With tht:se devices, if the SP 


points to the Upper 128, PUSH~ 
bytes are lost, and 
POPped bytes are indeterminate. 


The Data Transfer instructions include a 16-bit MOY 
that can be used to initialize the Data Pointer (DPTR) 
for look-up tables in Program Memory, or for 16-bit 
external Data Memory accesses. 


The XCH A, <byte> 
instruction causes the Accumu- 
lator and addressed byte to exchange data. The XCHD 
A,@Ri instruction is similar, but only the low nibbles 
are involved in the exchange. 


To see how XCH and XCHD can be used to facilitate 
data manipulations, consider first the problem of shift- 
ing an 8-digit BCD number two digits to the right. Fig- 
ure II shows how this can be done using direct MOYs, 
and for comparison how it can be done using XCH 
instructions. 
To aid in understanding 
how the code 


works, the contents of the registers that are holding the 
BCD number and the content of the Accumulator are 
shown alongside each instruction 
to indicate their 


status after the instruction has been executed. 


2A 
28 
2C 
20 
2E 
ACC 
MOV 
A,2EH 
00 
12 
34 
56 
78 
78 
MOV 
2EH,2OH 
00 
12 
34 
56 
56 
78 
MOV 
2OH,2CH 
00 
12 
34 
34 
56 
78 
MOV 
2CH,28H 
00 
12 
1.2 
34 
56 
78 
MOV 
28H,#0 
00 
00 
1:2 
34 
56 
78 
(a) Usingdirect MOVs:14 bytes, 9 p's 


2A 
28 
2C 
20 
2E 
ACC 
CLA 
A 
00 
12 
34 
56 
78 
00 


XCH 
A.28H 
00 
00 
34 
56 
78 
12 
XCH 
A,2CH 
00 
00 
12 
56 
78 
34 
XCH 
A,2OH 
00 
00 
12 
34 
78 
56 
XCH 
A,2EH 
00 
00 
12 
34 
56 
78 
(b) UsingXCHs:9 bytes, 5 P.s 


Figure 11. Shifting a BCD Number 
Two Digits to the Right 


After the routine has been executed, the Accumulator 
contains the two digits that were shifted out on the 
right. Doing the routine with direct MOYs uses 14code 
bytes and 9 Il-sof execution time (assuming a 12 MHz 
clock). The same operation with XCHs uses less code 
and executes almost twice as fast. 


To right-shift by an odd number of digits, a one-digit 
shift must be executed. Figure 12 shows a sample of 
code that will right-shift a BCD number one digit, us- 
ing the XCHD instruction. Again, the contents of the 
registers holding the number and of the Accumulator 
are shown alongside each instruction. 


MOV A1,#2EH 
MOV AO,#2OH 
loopfor A1 = 2EH: 
LOOP: MOV A,@A1 
00 12 34 56 78 
78 


XCHO A,@AO 
00 12 34 58 78 
76 
SWAP A 
00 12 34 58 78 
67 


MOV @A1,A 
00 12 34 58 67 
67 


OEC 
A1 
00 12 34 58 67 
67 


OEC 
AO 
00 12 34 58 67 
67 


CJNE A1,#2AH,LOOP 
loopforA1 = 2OH: 
1001121381451671 45 
loopforA1 = 2CH: 
00 18 23 45 67 
23 


loopfor A1 = 28H: 
08 01 23 45 67 
01 


CLA 
A 
1081011231451671 00 
XCH 
A,2AH 
00 01 23 45 67 
08 


Figure 12. Shifting 
a BCD Number 
One Digit to the Right 


First, pointers RI and ROare set up to point to the two 
bytes containing the last four BCD digits. Then a loop 
is executed which leaves the last byte, location 2EH, 
holding the last two digits of the shifted number. The 
pointers are decremented, and the loop is repeated for 
location 2DH. The CJNE instruction (Compare and 
Jump if Not Equal) is a loop control that will be de- 
scribed later. 


The loop is executed from LOOP to CJNE for RI 
2EH, 2DH, 2CH and 2BH. At that point the digit that 
was originally shifted out on the right has propagated 
to location 2AH. Since that location should be left with 
Os,the lost digit is moved to the Accumulator. 


inter 


Table 5 shows a list of the Data Transfer instructions 
that access external Data Memory. Only indirect ad- 
dressing can be used. The choice J.swhether to use a 
one-byte address, @Ri, where Ri c:an be either RO or 
R 1 of the selected register bank, or a two-byte address, 
@DPTR. The disadvantage to usinl! l6-bit addresses if 
only a few K bytes of external RAM arl' involved is 
that 16-bit addresses use all 8 bits of Port 2 as address 
bus. On the other hand, 8-bit addresses allow one to 
address a few K bytes of RAM, as shown in Figure 5, 
without having to sacrifice all of Port 2. 


All of these instructions 
execute in 2 jJos, with a 


12 MHz clock. 


Table 5. A List of the MC!~\!)·51Data 
Transfer Instructions 
thHltAccess 
External Data Memo!')' Space 


Address 
Mnemonic 
Operation 
Execution 
Width 
Time 
(/Ls) 


8 bits 
MOVXA,@Ri 
Read external 
2 
RAM@Ri 


8 bits 
MOVX@Ri,A 
Write edernal 
2 
RAM@Ri 


16 bits 
MOVX A,@DPTR 
Read external 
2 
RAM@DPTR 


16 bits 
MOVX @DPTR,A 
Write e:dernal 
2 
RAM@DPTR 


Note that in all external Data RAM accesses, the Ac- 
cumulator is always either the destination or source of 
the data. 


The read and write strobes to external RAM are acti- 
vated only during the execution of a MOVX instruc- 
tion. Normally these signals are inac:tive,and in fact if 
they're not going to be used at all, their pins are avail- 
able as extra I/O lines. More about that later. 


Table 6 shows the two instructions that are available 
for reading lookup tables in Program Memory. Since 
these instructions access only Program Memory, the 
lookup tables can only be read, not updated. The mne- 
monic is MOVC for "move constant". 


If the table access is to external Program Memory, then 
the read strobe is PSEN. 


Table 6. The MCS~·51 Lookup 


Table Read Instructions 


Mnemonic 
Operation 
Execution 
Time 
(/L8) 


MOVC 
A,@A+DPTR 
Read pgm Memory 
2 


at (A+DPTR) 


MOVC 
A,@A+PC 
Read pgm Memory 
2 


at (A+PC) 


The first MOVC instruction in Table 6 can accommo- 
date a table of up to 256 entries, numbered 0 through 
255. The number of the desired entry is'loaded into the 
Accumulator, and the Data Pointer is set up to point to 
beginning of the table. Then 


The other MOVC instruction works the same way, ex- 
cept the Program Counter (PC) is used as the table 
base, and the table is accessed through a subroutine. 
First the number of the desired entry is loaded into the 
Accumulator, and the subroutine is called: 


MOV 
CALL 
A,ENTRY _NUMBER 
TABLE 


TABLE: 
MOVC 
A,@A+PC 
REI' 


The table itself immediately follows the REI' (return) 
instruction in Program Memory. This type of table can 
have up to 255 entries, numbered 1 through 255. Num- 
ber 0 can not be used, because at the time the MOVC 
instruction is executed, the PC contains the address of 
the REI' instruction. An entry numbered 0 would be 
the REI' opcode itself. 


MCS-51 devices contain a complete Boolean (single-bit) 
processor. The internal RAM contains 128 addressable 
bits, and the SFR space can support up to 128 other 
addressable bits. All of the port lines are bit-address- 
able, and each one can be treated as a separate single- 
bit port. The instructions that access these bits are not 
just conditional 
branches, but a complete menu of 


move, set, clear, complement, OR, and AND instruc- 
tions. These kinds of bit operations are not easily ob- 
tained in other architectures with any amount of byte- 
oriented software. 


inter 


Table 7. A List of the MCS~-51 
Boolean 
Instructions 


Mnemonic 
Operatkm 
Execution 
Time (/Ls) 


ANL 
C,bit 
C = C .AND. bit 
2 


ANL 
C,Ibit 
C = C .AND.. NOT. bit 
2 


ORL 
C,bit 
C = C .OR. bit 
2 


ORL 
C,Ibit 
C = C .OR.. NOT. bit 
2 


MOV 
C,bit 
C = bit 
1 


MOV 
bit,C 
bit = C 
2 


CLR 
C 
C=O 
1 


CLR 
bit 
bit = 0 
1 


SETS 
C 
C=1 
1 


SETS 
bit 
bit = 1 
1 


CPL 
C 
C = .NOT.C 
1 


CPL 
bit 
bit = .NOT. bit 
1 


JC 
rei 
Jump ifC = 1 
2 


JNC 
rei 
Jump ifC = 0 
2 


JS 
bit,rel 
Jump ifbit = 1 
2 


JNS 
bit,rei 
Jump ifbit = 0 
2 


JSC 
bit,rel 
Jump ifbit = 1; CLR bit 
2 


The instruction set for the Boolean processor is shown 
in Table 7. All bit accesses are by direct addressing. Bit 
addresses OOHthrough 7FH are in the Lower 128, and 
bit addresses 80H through FFH are in SFR space. 


Note how easily an internal flag can be moved to a port 
pin: 


MOV 
C,FLAG 
MOV 
P1.0,C 


In this example, FLAG is the name of any addressable 
bit in the Lower 128 or SFR space. An I/O line (the 
LSB of Port 1, in this case) is set or cleared depending 
on whether the flag bit is 1 or O. 


The Carry bit in the PSW is used as the single-bit Accu- 
mulator of the Boolean processor. Bit instructions that 
refer to the Carry bit as C assemble as Carry-specific 
instructions (CLR C, etc). The Carry bit also has a 
direct address, since it resides ill the PSW register, 
which is bit-addressable. 


Note that the Boolean instruction set includes ANL 
and ORL operations, but not the XRL (Exclusive OR) 
operation. An XRL operation is simple to implement in 
software. Suppose, for example, it is required to form 
the Exclusive OR of two bits: 
. 


MOV 
C,bitl 
JNB 
bit2,OVER 
CPL 
C 
OVER: 
(continue) 


First, bitl is moved to the Carry. If bit2 = 0, then C 
now contains the correct result. That is, bitl .xRL. bit2 
= bitl if bit2 = O. On the other hand, if bit2 = 1 C 
now contains the complement of the correct result. It 
need only be inverted (CPL C) to complete the opera- 
tion. 


This code uses the JNB instruction, one of a series of 
bit-test instructions which execute a jump if the ad- 
dressed bit is set (JC, JB, JBC) or if the addressed bit is 
not set (JNC, JNB). In the above case, bit2 is being 
tested, and if bit2 = 0 the CPL C instruction isjumped 
over. 


JBC executes the jump if the addressed bit is set, and 
also clears the bit. Thus a flag can be tested and cleared 
in one operation. 


All the PSW bits are directly addressable, so the Parity 
bit, or the general purpose flags, for example, are also 
available to the bit-test instructions. 


The destination address for these jumps is specified to 
the assembler by a label or by an actual address in 
Program Memory. However, the destination address 
assembles to a relative offset byte. This is a signed 
(two's complement) offset byte which is added to the 
PC in two's complement arithmetic if the jump is exe- 
cuted. 


The range of the jump is therefore -128 
to + 127 Pro- 


gram Memory bytes relative to the first byte following 
the instruction. 


inter 


Table 
8 shows the list of unconditional 
jumps. 


Table 
8. Unconditionsll 
Jumps 
in MCS@·51 Devilces 


Operation 
Execution 
Mnemonic 
Time (/L8) 


JMP 
addr 
Jumptoaddr 
2 


JMP 
@A+DPTR 
Jump to A+ DPTR 
2 


CALL addr 
Call subroutine at addr 
2 


RET 
Return from subroutine 
2 


RETI 
Return from interrupt 
2 


NOP 
No operation 
1 


The Table lists a single "JMP 
addr" 
instruction, 
but in 


fact there 
are three-SJMP, 
UMP 
and AJMP-which 
differ in the format 
of the destination 
address. 
JMP 
is a 


generic 
mnemonic 
which 
can be ui;ed if the program- 


mer does not care which 
way the jump 
is encoded. 


The SJMP 
instruction 
encodes 
the destination 
address 


as a relative 
offset, as described 
above. The instruction 


is 2 bytes long, consisting 
of the opcode and the relative 


offset byte. The jump 
distance 
is limited 
to a range 
of 


-128 
to + 127 bytes relative 
to the instruction 
follow- 


ing the SJMP. 


The UMP 
instruction 
encodes 
the destination 
address 


as a 16-bit constant. 
The 
instruction 
is 3 bytes 
long, 
consisting 
of the 
opcode 
and 
two 
address 
bytes. 
The 


destination 
address 
can be anywhere 
in the 64K 
Pro- 


gram 
Memory 
space. 


The AJMP 
instruction 
encodes 
the destination 
address 


as an 
II-bit 
constant. 
The instruction 
is 2 bytes 
long, 
consisting 
of the opcode, 
which 
itself contains 
3 of the 


II address 
bits, followed 
by another 
byte containing 
the 


low 8 bits of the destination 
address. 
When 
the instruc- 


tion is executed, 
these 
II bits are simply substituted 
for 


the low II bits in the PC. The high 5 bits stay the same. 
Hence 
the 
destination 
has to be within 
the same 
2K 


block as the instruction 
following 
the AJMP. 


In all cases 
the 
programmer 
specifies 
the 
destination 


address 
to the assembler 
in the same' way: as a label or 


as a 16-bit constant. 
The assembler 
will put the destina- 


tion 
address 
into 
the correct 
format 
for the given in- 


struction. 
If the format 
required 
by the instruction 
will 


not support 
the distance 
to the specified 
destination 
ad- 


dress, 
a "Destination 
out of range" 
message 
is written 


into the List file. 


The 
JMP 
@A+DPTR 
instruction 
supports 
case 


jumps. 
The destination 
address 
is computed 
at execu- 
tion time as the sum of the 
16-bit DPTR 
register 
and 


the Accumulator. 
Typically, 
DPTR 
is set up with the 


address 
of a jump 
table, and the Accumulator 
is given 


an index to the table. 
In a 5-way branch, 
for example, 


an integer 
0 through 
4 is loaded 
into the Accumulator. 


The code to be executed 
might 
be as follows: 


MOY 
MOY 
RL 
JMP 


DPTR,#JUMP_TABLE 
A,INDEX_NUMBER 
A 
@A+DPTR 


The 
RL 
A instruction 
converts 
the 
index 
number 
(0 


through 
4) to an even number 
on the range 0 through 
8, 


because 
each entry 
in the jump 
table is 2 bytes long: 


JUMP_TABLE: 


AJMP 
AJMP 
AJMP 
AJMP 
AJMP 


CASE_O 
CASE_I 
CASE_2 
CASE_3 
CASE_4 


Table 
8 shows 
a single 
"CALL 
addr" 
instruction, 
but 


there 
are two of them-LCALL 
and ACALL-which 


differ in the format 
in which 
the subroutine 
address 
is 


given to the CPU. 
CALL 
is a generic 
mnemoni~ 
which 


can be used if the programmer 
does not care which way 


the address 
is encoded. 


The LCALL 
instruction 
uses the 16-bit address 
format, 


and 
the subroutine 
can be anywhere 
in the 64K 
Pro- 


gram Memory 
space. The ACALL 
instruction 
uses the 


II-bit 
format, 
and the subroutine 
must be in the same 


2K block as the instruction 
following 
the ACALL. 


In any 
case the 
programmer 
specifies 
the 
subroutine 


address 
to the assembler 
in the same way: as a label or 


as a 16-bit constant. 
The assembler 
will put the address 


into the correct 
format 
for the given instructions. 


Subroutines 
should 
end with a RET 
instruction, 
which 


returns 
execution 
to 
the 
instruction 
following 
the 


CALL. 


RETI 
is used to return 
from an interrupt 
service 
rou- 


tine. 
The 
only 
difference 
between 
RET 
and 
RETI 
is 


that 
RETI 
tells the interrupt 
control 
system 
that 
the 


interrupt 
in progress 
is done. 
If there 
is no interrupt 
in 


progress 
at the time RETI 
is executed, 
then 
the RETI 


is functionally 
identical 
to RET. 


Table 9 shows the list of conditional 
jumps 
available 
to 


the MCS-51 
user. All of these jumps 
specify 
the desti- 


nation 
address 
by the relative 
offset method, 
and so are 


limited 
to ajump 
distance 
of -128 
to + 127 bytes from 


the instruction 
following 
the conditional 
jump 
instruc- 


tion. Important 
to note, 
however, 
the user specifies 
to 


the assembler 
the actual 
destination 
address 
the same 


way as the other jumps: 
as a label or a 16-bit constant. 


inter 


Mnemonic 
Operation 
Addressing 
Modes 
Execution 


Dlr 
Ind 
Reg 
Imm 
Time (/Ls) 


JZ 
rei 
Jump if A = 0 
Accumulator only 
2 
JNZ 
rei 
Jump if A*"O 
Accumulator only 
2 
DJNZ <byte> ,rei 
Decrement and jump if not zero 
X 
X 
2 
CJNE A, <byte> ,rei 
Jump if A *" <byte> 
X 
X 
2 
CJNE <byte> ,#data,rel 
Jump if < byte> *" # data 
X 
X 
2 


There 
is no Zero 
bit in the 
PSW. 
The 
JZ 
and 
JNZ 
instructions 
test the Accumulator 
data 
for that 
condi- 
tion. 


<I> 


lIlCS -51 


HWOS 
OR CHWOS 


XTAL2 
The 
DJNZ 
instruction 
(Decrement 
and 
Jump 
if Not 
Zero) 
is for loop control. 
To eXIl(;ute a loop N times, 
load a counter 
byte with N and tl~rminate the loop with 
a DJNZ 
to the beginning 
of the loop, as shown 
below 
for N = 10: 


aU"R~ 
~~~~A~ ~e:;:, 


RESONATOR 


MOV 
COUNTER, 
# 10 
LOOP: 
(begin loop) 
• 


(end loop) 
DJNZ 
COUNTER,LOOP 
(continue) 


<I> 


lilCS -51 


HWOS 
OR CHWOS 


XTAL2 


The 
CJNE 
instruction 
(Compare 
and 
Jump 
if Not 
Equal) 
can also be used for loop control 
as in Figure 
12. 
Two bytes are specified 
in the operand 
field of the in- 
struction. 
The jump 
is executed 
only if the two bytes 
are 
not 
equal. 
In the 
example 
of Figure 
12, the 
two 
bytes were the data 
in RI 
and the constant 
2AH. 
The 
initial 
data 
in RI 
was 2EH. 
Every 
time 
the loop was 
executed, 
RI was decremented, 
and the looping 
was to 
continue 
until 
the RI 
data reached 
2AH. 


EXTERNAL 
CLOCK 
SIGNAL 


Another 
application 
of this 
instruction 
is in "greater 
than, 
less than" 
comparisons. 
Tht: two bytes in the op- 
erand 
field are taken 
as unsigned 
integers. 
If the first is 
less than the second, 
then the Carry 
bit is set (I). If the 
first 
is greater 
than 
or equal 
to the second, 
then 
the 
Carry 
bit is cleared. 


EXTERNAL 


CLOCK 
SIGNAL 


<I> 


MCS -51 
HWOS 
ONLY 


<I> 


WCS -51 


CHWOS 
ONLY 
All MCS-51 
microcontrollers 
have an on-chip 
oscillator 
which 
can be used if desired 
as tht: clock source 
for the 
CPU. To use the on-chip 
oscillator, 
connect 
a crystal 
or 
ceramic 
resonator 
between 
the 
XTALI 
and 
XTAL2 
pins of the microcontroller, 
and capacitors 
to ground 
as 
shown 
in Figure 
13. 


EXTERNAL 
CLOCK 
XTAl1 
SIGNAL 


C. CHMOS Only 


Figure 14. Using an External 
Clock 


examples of how to drive the clock with an external 
oscillator are shown in Figure 14. Note that in the 
HMOS devices (8051, etc.) the signal at the XTAL2 pin 
actually drives the internal clock generator. 
In the 


CHMOS devices (8OC51BH, etc.) the signal at the 
XTAL1 pin drives the internal clock generator. If only 
one pin is going to be driven with the external oscillator 
signal, make sure it is the right pin. 


The internal clock generator defines the sequence of 
states that make up the MCS-51 machine cycle. 


A machine cycle consists of a sequence of 6 states, 
numbered Sl through S6. Each state time lasts for two 
oscillator periods. Thus a machine cycle takes 12 oscil- 
lator periods or I Jl.s if the oscillator frequency is 
12 MHz. 


Each state is divided into a Phase I half and a Phase 2 
half. Figure 15 shows the fetch/execute sequences in 
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AlE~ 


I 
I 


~ 
'~I 
READ OPCODE. 


51 
52 
------ 
I 
(A) I-byte, 
1-cycle 
Inllructlon, 
e.g., INC A- 


I 


::::::::~~'~ 
I 


I 
I 


I 
I 


(READ2ND8YTE.: 
rREAD 
NEXT OPCODE. 
I 


54 I 
55 I 
56 !~~~_-_-_~ 
I 


I 
I 
I 
I 


I 
I 
lI: 


READ 
OPCODEREAD 
NEXT 
I 
READ NEXT OPCODE 
AGAIN. ~I 
I 
OPCODE 
(DISCARD). 
;! 


- - - - 
I 
,~! 
; ===53=1 
54 
55 
~. 
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• 
51 
52 
53 I 
54 
55 
56 I 
51 
52 
_ 
, 


I 
I 
I 
(C) I-byte. 
2-cyclelnolucllon, 
e.g.,INC 
DPTR. 


I 
, 
I 


READ NEXT OPCODE 
AGAIN. D 
READ OI'CODE 
(MOVX). 
READ NEXT 
. NO 
I 


~ 


OPCODE 
(DISCARD) 
I FETC';:. 
NO ALE 
NO FbETCH. 
, 
I 
,.......-..., 
I 


53 
54 
55 
56 
51 
52 I 
53 
~ 
-55-~56-L~==== 
lADDR 
I 
DATA 
: 


ACCESS 
EXTERNAL 
MEMORY 
I 


(8) 2-byte, 
1-cyclelnllrucllon, 
e.g., ADD A, ldata 
I 


(D) MOVX (I-byte. 
2-cycle) 


I 


states and phases for various kinds of instructions. Nor- 
mally two program fetches are generated during each 
machine cycle, even if the instruction being executed 
doesn't require it. If the instruction being executed 
doesn't need more code bytes, the CPU simply ignores 
the extra fetch, and the Program Counter is not incre- 
mented. 


Execution of a one-cycle instru,;tion (Figure 15A and 
B) begins during State 1 of the m.achinecycle, when the 
opcode is latched into the Instruction Register. A sec- 
ond fetch occurs during S4 of tl-.esame machine cycle. 
Execution is complete at the end of State 6 of this ma- 
chine cycle. 


The MOVX instructions take two machine cycles to 
execute. No program fetch is generated during the sec- 
ond cycle of a MOVX instruction. This is the only time 
program 
fetches are skipped. The fetch/execute 
se- 


quence for MOVX instructiolli; is shown in Figure 
15(D). 


The fetch/execute sequences are the same whether the 
Program Memory is internal or external to the chip. 
Execution times do not depend on whether the Pro- 
gram Memory is internal or external. 


Figure 16 shows the signals and timing involved in pro- 
gram fetches when the Program Memory is external. If 
Program Memo~xternal, 
then the Program Memo- 
ry read strobe PSEN is normally activated twice per 
machine cycle, as shown in Figure 16(A). 


If an access to external Data Memory occurs, as shown 
in Figure 16(B), two PSENs are skipped, because the 
address and data bus are being used for the Data Mem- 
ory access. 


Note that a Data Memory bus cycle takes twice as 
much time as a Program Memory bus cycle. Figure 16 
shows the relative timing of the addresses being emitted 
at Ports 0 and 2, and of ALE and PSEN. ALE is used 
to latch the low address byte from PO into the address 
latch. 


lONE 
MACHI~IE CYCLE~ONE 
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I~I~I~I~I~I~I~I~I~I~I~I~I 


ALE~ 
I 


PSEN~~ 
I 
RD 
I 
(A) 
WITHOUT 
A 
MOVX. 


P2P~ 
PCHOUT 
X 
PCHOUT 
X 
PCHOUT 


I 


PO~' 
'" 
OVT 
1~ 


I 
I 
I 
I 
, 
I 
, 
I 


lpCLOUT 
lPCLOUT 
lPCLOUT 
lPCLOUT 
VALID 
VALID 
VALID 
VALID 
l 
~ 
Sl 


I:l-J 
I 
I 
I 
I 


: PCHOUT 


(8) 
WITH A 
MOVX. 


t.PCLOUT 
VALID 
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When the CPU is executing from internal Program 
Memory, PSEN is not activated, and program address- 
es are not emitted. However, ALE continues to be acti- 
vated twice per machine cycle and so is available as a 
clock output signal. Note, however, that one ALE is 
skipped during the execution of the :MOVXinstruction. 


Interrupt Structure 


The 8051, 8051AH, and 8OC5IBH, and their ROMless 
and EPROM versions, provide 5 i:~terrupt sources: 2 
external interrupts, 
2 timer interrupts, and the serial 


port interrupt. 
The 8052AH provides these 5 plus a 


sixth interrupt that is associated with the third timer/ 
counter which is present in this device. Additional in- 
terrupts are available on the 83C51FA. Refer to the 
appropriate chapters on these devices for further infor- 
mation on their interrupts. 


What follows is an overview of the interrupt structure 
for these devices. More detailed infolmation for specific 
members of the MCS-51 family is provided in the chap- 
ters of this handbook that describe the specific devices. 


Each of the interrupt sources can be individually en- 
abled or disabled by setting or cleari'~g a bit in the SFR 


(MSB) 
(LSB) 
IEA I-I ml 
ES IET1 IEX1 IETO IEXOI 


Symbol 
Position 
Function 


EA 
IE? 
disables 
all interrupts. 
If EA ~ 
0, no 


interrupt 
will be acknowledged. 
If EA 


= 
1, 
each 
interrupt source is 
individually 
enabled 
or 
disabled 
by 


setting 
or clearing 
its enable 
bit. 


reserved 


enables 
or 
di•• bles 
the 
Timer 
2 


overflow 
or capture 
interrupt. 
If ET2 


~ 0, the Timer 2 interrupt 
is disabled. 


enables 
or 
disa ,Ies 
the 
Serial 
Port 
interrupt. 
If ES= 
0, the Serial 
Port 


interrupt 
is disabled. 


enables 
or 
disables 
the 
Timer 
1 


Overflow 
interrupt. 
If ETf 
= 0, the 


Timer 1 interrupt 
is disabled. 


enables 
or disables 
Ex1ernal Interrupt 


1. If EX1 = 0, Ex1ernal Interrupt 
1 is 


disabled. 


enables 
or 
disables 
the 
Timer 
0 
Overflow 
interrupt. 
If ETO ~ 
0, the 


Timer 0 interrupt 
is disabled. 


enables 
or disables 
Ex1ernal Interrupt 


O. If EXO ~ 
0, E<lernal 
Interrupt 
0 is 
disabled. 


IE6 
ET2 
IE5 


ES 
IE.4 


ET1 
IE3 


EX1 
IE2 


ETO 
IE1 


EXO 
IEO 


Figure 17. IE (Interrupt 
Enable) 
Register 
In the 8052AH 


named IE (Interrupt 
Enable). This register also con- 


tains a global disable bit, which can be cleared to dis- 
able all interrupts at once. Figure 17 shows the IE reg- 
ister for the 8052AH. 


Each interrupt 
source can also be individually pro- 


grammed to one of two priority levels by setting or 
clearing a bit in the SFR named IP (Interrupt Priority). 
Figure 18 shows the IP register in the 8052AH. 


A low-priority interrrupt can be interrupted by a high- 
priority interrupt, but not by another low-priority inter- 
rupt. A high-priority interrupt can't be interrupted by 
any other interrupt source. 


If two interrupt requests of different priority levels are 
received simultaneously, the request of higher priority 
level is serviced. If interrupt requests of the same priori- 
ty level are received simultaneously, an internal polling 
sequence determines which request is serviced. Thus 
within each priority level there is a second priority 
structure determined by the polling sequence. 


Figure 19 shows, for the 8052AH, how the IE and IP 
registers and the polling sequence work to determine 
which if any interrupt will be serviced. 


(MSB) 
(LSB) 


I-I - IPT2 I PS IPT1 I PX1 IPTO I pxo I 


Symbol 
Position 
Function 


reserved 
reserved 


defines 
the Timer 
2 interrupt 
priority 


level. 
PT2 = 
1 programs 
it to 
the 


higher priority level. 


defines 
the 
Serial 
Port 
interrupt 


priority 
level. 
PS ~ 
1 programs 
it to 


the higher priority 
level. 


defines 
the Timer 
1 interrupt 
priority 
level. 
PT1 = 
1 programs 
it to 
the 


higher priority 
level. 


defines 
the 
Elctemal 
Interrupt 
1 


priority level. PX 1 = 1 programs 
it to 


the higher priority level. 


defines 
the Timer 
0 interrupt 
priority 


level. 
PTO = 
1 programs 
it to 
the 


higher priority level. 


defines 
the 
Ex1ernal 
Interrupt 
0 


priority level. PXO ~ 
1 programs 
it to 


the higher priority level. 


Figure 18. IP (Interrupt 
Priority) 


Register 
In the 8052AH 


RI~ 
TI~ 


TF2~ 
EXF2~y) 


INTERRUPT 
POLLING 
SEQUENCE 


LOW 
PRIORITY 


INTERRUPT 


270495-17 


In operation, all the interrupt fla,gsare latched into the 
interrupt control system during State 5 of every ma- 
chine cycle, The samples are polled during the follow- 
ing machine cycle. If the flag for an enabled interrupt is 
found to be set (I), the interrupt system generates an 
LCALL to the appropriate location in Program Memo- 
ry, unless some other condition blocks the interrupt. 
Severalconditions can block an interrupt, among them 
that an interrupt of equal or higher priority level is 
already in progress. 


The hardware-generated LCALL causes the contents of 
the Program Counter to be pushed onto the stack, and 
reloads the PC with the beginningaddress of the service 
routine. As previouslynoted (Figure 3), the servicerou- 
tine for each interrupt begins at a fixed location. 


Only the Program Counter is ~lUtomaticallypushed 
onto the stack, not the PSW or any other register. Hav- 
ing only the PC be automatically saved allows the pro- 
grammer to decide how much time to spend saving 
which other registers. This enhances the interrupt re- 
sponse time, albeit at the expense of increasing the pro- 
grammer's burden of responsibility. As a result, many 
interrupt functions that are typical in control applica- 
tions-toggling 
a port pin, for eX'lTIple,or reloading a 


timer, or unloading a serial buffer---ean often be com- 


pleted in less time than it takes other architectures to 
commence them. 


SIMULATING 
A THIRD 
PRIORITY 
LEVEL 
IN 


SOFTWARE 


Some applications require more than the two priori~y 
levels that 
are provided by on-chip hardware 
m 


MCS-51 devices. In these cases, relatively simple soft- 
ware can be written to produce the same effect as a 
third priority level. 


First, interrupts that are to have higher priority ~ha~ 1 
are assigned to priority 1 in the IP (Interrupt Pnonty) 
register. The service routines for priority 1 interrupts 
that are supposed to be interruptible by "priority 2" 
interrupts are written to include the followingcode: 


PUSH 
MOV 
CALL 


IE 
IE,#MASK 
LABEL 


POP 
IE 
RET 
LABEL: 
RETI 


inter 


As soon as any priority I interrupt is acknowledged, 
the IE (Interrupt Enable) register liS re-defined so as to 
disable all but "priority 2" interrupts. Then, a CALL to 
LABEL executes the RETI instmction, which clears 
the priority I interrupt-in-progress flip-flop. At this 
point any priority I interrupt that is enabled can be 
serviced, but only "priority 2" intt:rrupts are enabled. 


POPping IE restores the original enable byte. Then a 
normal RET (rather than another RETI) is used to 
terminate the service routine. The additional software 
adds 10 IJos(at 12 MHz) to priority I interrupts. 
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H)~RDWARE DESCRIPTION 
OF 1rHE 8051, 8052 AND 80C51 
AUTOMOTIVE 


This chapter presents a comprehensive description of 
the on-chip hardware features of the MCS®-51 micro- 
controllers. Included in this descri ption are 
• The port drivers and how they function both as 
ports and, for Ports 0 and 2, in bus operations 


• The Timer/Counters 
• The Serial Interface 
• The Interrupt System 


• Reset 
• The Reduced Power Modes in the CHMOS devices 


• The EPROM 
versions of the 8051AH, 8052AH, 


and 8OC51BH 


The devices under consideration are listed in Table I. 
As it becomes unwieldy to be constantly referring to 
each of these devices by their individual names, we will 
adopt a convention of referring to them generically as 
8051s and 8052s, unless a specific member of the group 
is being referred to, in which case it will be specifically 
named. The "805Is" 
include the 8051, 805lAH, and 
8OC51BH, and their ROMless and EPROM versions. 
The "8052s" are the 8052AH, 8032AH, and 8752BH. 


Figure I shows a functional block diagram of the 8051s 
and 8052s. 


Table 
1. The MCS-51 Family of Microcontrollers 


Device 
ROMiess 
EPROM 
ROM 
RAM 
16-bit 
Ckt 
Name 
Version 
Version 
Bytes 
Bytes 
Timers 
Type 


8051 
8031 
(8751) 
4K 
128 
2 
HMOS 
8051AH 
8031AH 
8751H 
4K 
128 
2 
HMOS 
8052AH 
8032AH 
8752BH 
8K 
256 
3 
HMOS 
80C51BH 
80C31 BH 
87C51 
4K 
128 
2 
CHMOS 


A map of the on-chip memory area called SFR (Special Function Register) space is shown in Figure 2. SFRs marked 
by parentheses are resident in the 8052s but not in the 8051s. 


------------, 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
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I 
I 
I 
I 
I 
I 
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B 


ACC 


psw 
(T2CON) 
(RCAP2L) 
(RCAP2H) 
(TL2) 
(TH2) 
. 


IP 
P3 
IE 
P2 


SCON 
SBUF 
P1 


TCON 
TMOD 
TLO 
TL1 
THO 
TH1 


PO 
SP 
DPL 
DPH 
PCON 


Note that not all of the address~, 
are occupied. 
Unoc- 


cupied 
addresses 
are 
not 
implemented 
on 
the 
chip. 


Read accesses to these addresses 
will in general return 


random 
data, and write accesses will have no effect. 


User software 
should 
not write 
Is to these unimple- 


mented 
locations, 
since they 
may be used 
in future 
MCS-51 products 
to invoke new features. In that case 


the reset or inactive values of the new bits will always 
be 0, and their active values will be I. 


ACC is the Accumulator 
register. The mnemonics 
for 
Accumulator-Specific 
instructiom, 
however, 
refer 
to 


the Accumulator 
simply as A. 


The B register is used during multl.ply and divide oper- 
ations. For other instructions 
it can. be treated as anoth- 


er scratch pad register. 


The PSW register contains program 
status information 


as detailed in Figure 3. 


The Stack Pointer 
Register 
is 8 bits wide. It is incre- 


mented before data is stored during PUSH and CALL 
executions. 
While the stack may reside anywhere in on- 


chip RAM, the Stack Pointer is inilialized to 07H after 
a reset. This causes the stack to begin at location 08H. 


The 
Data 
Pointer 
(DPTR) 
consists 
of a high 
byte 
(DPH) 
and a low byte (DPL). 
Its intended 
function 
is 


to hold a 16-bit address. 
It may be manipulated 
as a 


16-bit register or as two independent 
8-bit registers. 


PO, PI, P2 and P3 are the SFR latches of Ports 0, I, 2 
and 3, respectively. 


The Serial Data Buffer is actually 
two separate 
regis- 


ters, 
a transmit 
buffer 
and 
a receive buffer 
register. 


When data is moved to SBUF, it goes to the transmit 
buffer where it is held for serial transmission. 
(Moving 
a byte 
to SBUF 
is what 
initiates 
the 
transmission.) 


When 
data is moved from SBUF, 
it comes from the 


receive buffer. 


TIMER 
REGISTERS 


Register 
pairs 
(THO, TLO), (THl, 
TLJ), 
and 
(TH2, 


TL2) are the 16-bit Counting registers for Timer/Coun- 
ters 0, I, and 2, respectively. 


CAPTURE 
REGISTERS 


The register 
pair (RCAP2H, 
RCAP2L) 
are the Cap- 


ture registers for the Timer 2 "Capture 
Mode." 
In this 


mode, in response to a transition 
at the 8052's T2EX 


pin, 
TH2 
and 
TL2 
are 
copied 
into 
RCAP2H 
and 


RCAP2L. 
Timer 2 also has a 16-bit auto-reload 
mode, 


and RCAP2H 
and RCAP2L 
hold the reload value for 


this mode. 
More 
about 
Timer 
2's features 
in a later 
section. 


CONTROL 
REGISTERS 


Special 
Function 
Registers 
IP, 
IE, 
TMOD, 
TCON, 


T2CON, 
SCON, and PCON contain control and status 


bits for the interrupt 
system, the Timer/Counters, 
and 


the serial port. They are described 
in later sections. 
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(MSB) 


CY 


Symbol 
Position 


CY 
PSW.7 


AC 
PSW.6 


FO 
PSW.5 


RS1 
PSW.4 


RSO 
PSW.3 


Name 
and Significance 


Carry flag. 


Auxiliary 
Carry flag. 


(For BCD oporations.) 


Flag 0 


(Available 
to the user for general 


purposes.) 


Register 
ban ( select 
control 
bits 1 & 


O. Set/cleared 
by software 
to 


determine 
working 
register 
bank (see 


Note). 


RSO 
OV 


Symbol 
Position 


OV 
PSW.2 


PSW.1 


P 
PSW.O 


(LSB) 


P 


Name 
and Significance 


Overflow 
flag. 


User definable 
flag. 


Parity flag. 


Set/ cleared 
by hardware 
each 


instruction 
cycle to indicate 
an oddl 


even number 
of "one" 
bits in the 


Accumulator, 
i.e., even parity. 


NOTE: 
The 
contents 
of (RS1, 
RSO) enable 
the working 
register 
banks 
as 


follows: 
(O.O)-Bank 
0 
(0.1 )-Bank 
1 


(1.0)-Bank 
2 
(1.1 )-Bank 
3 


(00H-07H) 
(08H-OFH) 
(10H-17H) 
(18H-1FH) 


AODA/DATA 
READ 
ro","} 


LATCH 


PO•• 


INT 
BUS 
PIN 
WRITE 


WRITE 
--l 
TO 


TO 
LATCH 


LATCH 


READ 
PIN 


270492-2 
B. Port 1 Bit 
A. Port 0 Bit 
ALTERNATE 
OUTPUT 
FUNCTION 
ADO 
A 
Vcc 
READ 


READ 
LATCH 


LATCH 


INT 
BUS 


INT 
BUS 
WRITE 


WAITE 
TO 


TO 


LATCH 


LATCH 
READ 
PIN 
ALTERNATE 
REAO 
PIN 
INPUT 
FUNCTlON 
270492-4 
C. Port 2 Bit 
D. Port 3 Bit 


Figure 4. 8051 Port Bit Latches 
and 1/0 Buffers 
•See Figure 5 for details of the internal pullup. 


PORT STRUCTURES 
AN[) 
OPERATION 


All four ports in the 8051 are bidin:ctional. 
Each con- 


sists of a latch (Special Function 
Registers PO through 
P3), an output 
driver, and an input buffer. 


The output drivers of Ports 0 and 2, and the input buff- 
ers of Port 0, are used in accesses to external memory. 
In this application, 
Port 0 outputs 
the low byte of the 


external 
memory 
address, 
time-multiplexed 
with 
the 


byte being written or read. Port 2 outputs the high byte 
of the external memory address when the address is 16 
bits wide. Otherwise 
the Port 2 pins continue 
to emit 


the P2 SFR content. 


All the Port 3 pins, and (in the 8052) two Port 
I pins 


are multifunctional. 
They are not only port pins, but 


also serve the functions 
of various 
special features 
as 


listed on the following page. 
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Port Pin 
·P1.0 
Alternate 
Function 
T2 (Timer/Counter 
2 
external 
input) 
T2EX (Timer/Counter 
2 
Capture/Reload 
trigger) 
RXD (serial input port) 
TXD (serial output port) 
INTO (external 
interrupt) 
INT1 (external 
interrupt) 
TO (Timor/Counter 
0 external 


input) 
T1 (Timor/Counter 
1 external 
input) 
WR (extlernal Data Memory 
write strobe) 
RD (extElrnal Data Memory 
read strobe) 


P3.0 
P3.1 
P3.2 
P3.3 
P3.4 


·PI.O and PLI serve these altemate functions only on 
the 8052. 


The alternate functions can only be activated if the cor- 
responding bit latch in the port SFR contains a I. Oth- 
erwise the port pin is stuck at O. 


Figure 4 shows a functional diagram of a typical bit 
latch and I/O buffer in each of the four ports. The bit 
latch (one bit in the port's SFR) is represented as a 
Type D flip-flop, which will clock in a value from the 
internal bus in response to a "write to latch" signal 
from the CPU. The Q output of the flip-flop is placed 
on the internal bus in response to a "read latch" signal 
from the CPU. The level of the port pin itself is placed 
on the internal bus in response to a "read pin" signal 
from the cpo. Some instructions that read a port acti- 
vate the "read latch" signal, and others activate the 
"read pin" signal. More about that later. 


As shown in Figure 4, the output drivers of Ports 0 and 
2 are switchable to an internal ADDR and ADDR/ 
DATA bus by an internal CONTROL signal for use in 
external memory accesses. During external memory ac- 
cesses, the P2 SFR remains unchanged, but the POSFR 
gets Is written to it. 


Also shown in Figure 4, is that if a P3 bit latch contains 
a I, then the output level is controlled by the signal 
labeled "alternate output function." The actual P3.X 
pin level is always available to the pin's alternate input 
function, if any. 


Ports I, 2, and 3 have internal pullups. Port 0 has open 
drain outputs. Each I/O line can be independently used 
as an input or an output. (Ports (I and 2 may not be 
used as general purpose I/O when being used as the 


ADDRIDATA 
BUS). To be used as an input, the port 


bit latch must contain a I, which turns off the output 
driver FET. Then, for Ports I, 2, and 3, the pin is 
pulled high by the internal pullup, but can be pulled 
low by an external source. 


Port 0 differs in not having internal pullups. The pullup 
FET in the POoutput driver (see Figure 4) is used only 
when the Port is emitting Is during external memory 
accesses. Otherwise the pullup FET is off. Consequent- 
ly PO lines that are being used as output port lines are 
open drain. Writing a I to the bit latch leaves both 
output FETs off, so the pin floats. In that condition it 
can be used a high-impedance input. 


Because Ports I, 2, and 3 have fixed internal pullups 
they are sometimes called "quasi-bidirectional" 
ports. 


When configured as inputs they pull high and will 
source current (IlL, in the data sheets) when externally 
pulled low. Port 0, on the other hand, is considered 
"true" bidirectional, because when configured as an in- 
put it floats. 


All the port latches in the 8051 have Is written to them 
by the reset function. If a 0 is subsequently written to a 
port latch, it can be reconfigured as an input by writing 
a I to it. 


In the execution of an instruction that changes the val- 
ue in a port latch, the new value arrives at the latch 
during S6P2 of the final cycle of the instruction. How- 
ever, port latches are in fact sampled by their output 
buffers only during Phase I of any clock period. (Dur- 
ing Phase 2 the output buffer holds the value it saw 
during the previous Phase I). Consequently, the new 
value in the port latch won't actually appear at the 
output pin until the next Phase I, which will be at SIPI 
of the next machine cycle. 


If the change requires a O-to-I transition in Port 1,2, or 
3, an additional pullup is turned on during SIPI and 
SIP2 of the cycle in which the transition occurs. This is 
done to increase the transition speed. The extra pullup 
can source about 100 times the current that the normal 
pullup can. It should be noted that the internal pullups 
are field-effect transistors, not linear resistors. The pull- 
up arrangements are shown in Figure 5. 


In HMOS versions of the 8051, the fixed part of the 
pullup is a depletion-mode 
transistor 
with the gate 


wired to the source. This transistor will allow the pin to 
source about 0.25 mA when shorted to ground. In 
parallel with the fixed pullup is an enhancement-mode 
transistor, which is activated during SI whenever the 
port bit does a O-to-I transition. During this interval, if 
the port pin is shorted to ground, this extra transistor 
will allow the pin to source an additional 30 mA. 
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2 ose. PERIOOS 
.1: 


A. HMOS I::onfiguratlon. The enhancement mode transistor 
is turned on for 2 osc. periods after Q makes a 1-to-Otransition. 


B. CHMOS Configuration. 
pFET 1 Is turned on for 2 osc. periods after Q 
makes a 1-to-Otransition. During this time, pFET 1 also turns on pFET 3 
through the Inverter to form a latch which holds the 1. pFET 21s also on. 


Figure 5. Ports 1 J~nd3 HMOS And CHMOS Internal Pullup Configurations. 
Port 2 Is Similar Except That It Holds The Strong Pullup On While Emitting 
1s That Are Address Bits. (See Text, "Accessing 
External Memory".) 


In the CHMOS versions, the pullup consists of three 
pFETs. It should be noted that an n-channel FET 
(nFET) is turned on when a logical I is applied to its 
gate, and is turned off when a logical 0 is applied to its 
gate. A p-channel FET (PFET) is the opposite: it is on 
when its gate sees a 0, and off when its gate sees a I. 


pFETI in Figure 5 is the transistor that is turned on for 
2 oscillator periods after a O-to-I transition in the port 
latch. While it's on, it turns on pF:ET3 (a weak pull- 
up), through the inverter. This inverter and pFET form 
a latch which hold the I. 


Note that if the pin is emitting a 1, a negative glitch on 
the pin from some external source can turn off pFET3, 
causing the pin to go into a float state. pFET2 is a very 
weak pullup which is on whenever the nFET is off, in 
traditional CMOS style. It's only about '1.0 the strength 
of pFET3. Its function is to restore a 1 to the pin in the 
event the pin had a 1 and lost it to a glitch. 


Port Loading and Interfacing 


The output buffers of Ports 1, 2, and 3 can each drive 4 
LS TTL inputs. These ports on HMOS versions can be 
driven in a normal manner by any TTL or NMOS cir- 
cuit. Both HMOS and CHMOS pins can be driven by 
open-collector and open-drain outputs, but note that 0- 
to-I transitions will not be fast. In the HMOS device, if 
the pin is driven by an open-collector output, a O-to-I 
transition will have to be driven by the relatively weak 
depletion mode FET in Figure 5(A). In the CHMOS 
device, an input 0 turns off pullup pFET3, leaving only 
the very weak pullup pFET2 to drive the transition. 


Port 0 output buffers can each drive 8 LS TTL inputs. 
They do, however, require external pullups to drive 
NMOS 
inputs, 
except 
when 
being 
used 
as 
the 


ADDRESS/DATA 
bus. 
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Some instructions that read a port read the latch and 
others read the pin. Which ones do which? The instruc- 
tions that read the latch rather than the pin are the ones 
that read a value, possibly changt: it, and then rewrite it 
to the latch. These are called "read-modify-write" in- 
structions. The instructions listed below are read-mod- 
ify-write instructions. When the destination operand is 
a port, or a port bit, these instructions read the latch 
rather than the pin: 
ANL 
(logical AND, e.g., ANL PI, A) 


ORL 
(logical OR, e.g., ORL P2, A) 


XRL 
(logical EX-OR, e.g., XRL P3, A) 


]BC 
Gump if bit = 
I and clear bit, e.g., 


JBC Pl.l, 
LABEL) 


(complement bit, e.g., CPL P3.0) 
(increment, e.g., INC P2) 
(decrement, e.g., DEC P2) 
(decrement and jump if not zero, e.g., 
DJNZ P3, LABEL) 


MOV, PX.Y, C (move carry bit to bit Y of Port X) 
CLR PX.Y 
(clear bit Y of Port X) 


SETB PX.Y 
(set bit Y of Port X) 


CPL 
INC 
DEC 
DJNZ 


It is not obvious that the last three instructions in this 
list are read-modify-write instru,;tions, but they are. 
They read the port byte, all 8 bits, modify the addressed 
bit, then write the new byte back to the latch. 


The reason that read-modify-write instructions are di- 
rected to the latch rather than the pin is to avoid a 
possible misinterpretation 
of the voltage level at the 


pin. For example, a port bit might be used to drive the 
base of a transistor. When a I is written to the bit, the 
transistor is turned on. If the CPU then reads the same 
port bit at the pin rather than the latch, it will read the 
base voltage of the transistor and interpret it as a O. 
Reading the latch rather than the pin will return the 
correct value of I. 


Accesses to external memory are cf two types: accesses 
to external Program Memory and accesses to external 
Data Mem~ccesses 
to externl1 Program Memory 


use signal PSEN (program store enable) as the read 
strobe. Accesses to external Data Memory use RD or 
WR (alternate functions of P3.7 and P3.6) to strobe the 
memory. 


Fetches from external Program Memory always use a 
16-bit address. Accesses to external Data Memory can 
use either a 16-bit address (MOVX @DPTR) or an 
8-bit address (MOVX @Ri). 


Whenever a 16-bit address is used, the high byte of the 
address comes out on Port 2, where it is held for the 
duration of the read or write cycle. Note that the Port 2 
drivers use the strong pullups during the entire time 
that they are emitting address bits that are Is. This is 
during the execution of a MOVX @DPTR instruction. 
During this time the Port 2 latch (the Special Function 
Register) does not have to contain Is, and the contents 
of the Port 2 SFR are not modified. If the external 
memory cycle is not immediately followed by another 
external memory cycle, the undisturbed contents of the 
Port 2 SFR will reappear in the next cycle. 


If an 8-bit address is being used (MOVX @Ri), the 
contents of the Port 2 SFR remain at the Port 2 pins 
throughout the external memory cycle. This will facili- 
tate paging. 


In any case, the low byte of the address is time-multi- 
plexed with the data byte on Port O. The ADDR/ 
DATA signal drives both FETs in the Port 0 output 
butTers.Thus, in this application the Port 0 pins are not 
open-drain outputs, and do not require external pull- 
ups. Signal ALE (Address Latch Enable) should be 
used to capture the address byte into an external latch. 
The address byte is valid at the negative transition of 
ALE. Then, in a write cycle, the data byte to be written 
appears on Port 0 just before WR is activated, and re- 
mains there until after WR is deactivated. In a read 
cycle, the incoming byte is accepted at Port 0 just be- 
fore the read strobe is deactivated. 


During any access to external memory, the CPU writes 
OFFH to the Port 0 latch (the Special Function Regis- 
ter), thus obliterating whatever information the Port 0 
SFR may have been holding. 


External Program Memory is accessed under two con- 
ditions: 
I) Whenever signal EA is active; or 
2) Whenever the program counter 
(PC) contains a 


number that is larger than OFFFH (IFFFH 
for the 


8052). 


This requires that the ROMless versions have EA wired 
low to enable the lower 4K (8K for the 8032) program 
bytes to be fetched from external memory. 


When the CPU is executing out of external Program 
Memory, all 8 bits of Port 2 are dedicated to an output 
function and may not be used for general purpose I/O. 
During external program fetches they output the high 
byte of the PC. During this time the Port 2 drivers use 
the strong pullups to emit PC bits that are Is. 


The 8051 has two 16-bit Timer/Counter 
registers: Tim- 


er 0 and Timer 1. The 8052 has these two plus one 
more: Timer 2. All three can be configured to operate 
either as timers or event counters. 
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In the "Timer" function, the register is incremented 
every machine cycle. Thus, one can think of it as count- 
ing machine cycles. Since a machine cycle consists of 12 
oscillator periods, the count rate is 1/12 of the oscillator 
frequency. 


In the "Counter" function, the register is incremented 
in response to a I-to-O transition at its corresponding 
external input pin, TO, TI or (in the 8052) TI. In this 
function, the external input is sampled during S5P2 of 
every machine cycle. When the samples show a high in 
one cycle and a low in the next cycle, the count is incre- 
mented. The new count value appears in the register 
during S3PI of the cycle following the one in which the 
transition was detected. Since it takes 2 machine cycles 
(24 oscillator periods) to recognize: a I-to-O transition, 
the maximum count rate is '/24 of the oscillator fre- 
quency. There are no restrictions on the duty cycle of 
the external input signal, but to \~nsure that a given 
level is sampled at least once bl:fore it changes, it 
should be held for at least one full machine cycle. 


In addition to the "Timer" 
or "Counter" 
selection, 
Timer 0 and Timer 1 have four operating modes from 
which to select. Timer 2, in the 8052, has three modes 
of operation: 
"Capture," 
"Auto-Reload" 
and "baud 


rate generator." 


These Timer/Counters 
are present in both the 8051 and 


the 8052. The "Timer" or "Counter" function is select- 
ed by control bits cif in the Special Function Register 
TMOD (Figure 6). These two Timer/Counters 
have 


four operating modes, which are selected by bit-pairs 
(MI, MO) in TMOD. Modes 0, I, and 2 are the same 
for both Timer/Counters. 
Mode 3 h, different. The four 


operating modes are described in the following text. 


(MSB) 
L 
GATE 


Gating 
control 
when sel. Timer /Gounter 
"x" 
is enabled 


only while "INTx" 
pin is high and "TRx" 
control 
pin is 
set. When cleared Timer "x" is enabled whenever 


"TRx" 
control 
bit is sel. 


Timer or Counter Selector cleared for Timer operation 


(input from internal 
system 
clockl. 
Set for Counter 


operation 
(input from "Tx" 
input pin). 


Putting either Timer into Mode 0 makes it look like an 
8048 Timer, which is an 8-bit Counter with a divide-by- 
32 prescaler. Figure 7 shows the Mode 0 operation as it 
applies to Timer 1. 


In this mode, the Timer register is configured as a 
13-Bit register. As the count rolls over from all Is to all 
Os, it sets the Timer interrupt flag TFI. The counted 
input is enabled to the Timer when TR 1 = 1and either 
GATE = 0 or INTI = 1. (Setting GATE = I allows 
the Timer to be controlled by external input INTI, to 
facilitate pulse width measurements.) TRI is a control 
bit in the Special Function Register TCON (Figure 8). 
GATE is in TMOD. 


The 13-Bit register consists of all 8 bits of THI and the 
lower 5 bits of TLI. The upper 3 bits of TLl are inde- 
terminate and should be ignored. Setting the run flag 
(TR I) does not clear the registers. 


Mode 0 operation is the same for Timer 0 as for Timer 
1. Substitute TRO, TFO and INTO for the correspond- 
ing Timer I signals in Figure 7. There are two different 
GATE bits, one for Timer I (TMOD.7) and one for 
Timer 0 (TMOD,3). 


Mode 1 is the same as Mode 0, except that the Timer 
register is being run with all 16 bits. 


Mode 2 configures the Timer register as an 8-bit Coun- 
ter (TLl) with automatic reload, as shown in Figure 9. 
Overflow from TLI not only sets TFI, but also reloads 


MO 1GATE 


(LSB) 


MO J 


Operating 
Mode 


MCS-48 
Timer 
"TLx" 
serves 
as S-bit prescaler. 


16-bit Timer/Counter 
"THx" 
and "TLx" 
are 


cascaded: there is no prescaler. 


8-bit auto-reload 
Timer/Counter 
'THx" 
holds 
a 


value which 
is to be reloaded 
into "TLx" 
each 


time it overflows. 


(Timer 
0) TLO is an 8-bit Timer/Counter 


controlled 
by the standard 
Timer 
0 control 
bits. 


THO is an 8-bittimer 
only controlled 
by Timer 
1 


control 
bits. 


(Timer 
1) Timer/Counter 
1 stopped. 
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_______ t c/f: 1 


T1 PIN 
J 


GATE~ 


iN'iTPIN~ 


(MSB) 


TF1 


(LSB) 


ITO 


Symbol 
Position 
NSIY,e and Significance 
Symbol 
Position 
Name 
and Significance 


TF1 
TCON.7 
Timer 
1 ov",flow 
Flag. Set by 
IE1 
TCON.3 
Interrupt 
1 Edge flag. Set by hardware 


hardware 
on Timer/Counter 
overflow. 
when external 
interrupt 
edge 


Cleared 
by hardware 
when processor 
detected. 
Cleared 
when 
interrupt 


vectors 
to interrupt 
routine. 
processed. 


TA1 
TCON.6 
Timer 
1 Aun control 
bit. Set/cleared 
1T1 
TCON.2 
Interrupt 
1 Type control 
bit. Sell 


by software 
to turn Timer/Counter 
on/ 
cleared 
by software 
to specify 
falling 


off. 
edge/low 
level triggered 
external 


TFO 
TCON.5 
Timer 
0 overflow 
Flag. Set by 
interrupts. 


hardware 
011 Timer/Counter 
overflow. 
IEO 
TCON.1 
Interrupt 
0 Edge flag. Set by hardware 
Cleared 
by ,ardware 
when 
processor 
when 
external 
interrupt 
edge 


vectors 
to interrupt 
routine. 
detected. 
Cleared 
when 
interrupt 


TAO 
TCONA 
Timer 
0 Aun control 
bit. Sellcleared 
processed. 


by software 
to turn Timer/Counter 
on/ 
ITO 
TCON.O 
Interrupt 
0 Type control 
bit. Sell 


off. 
cleared 
by software 
to specify 
falling 


edge/low 
level triggered 
external 
interrupts. 


clf, GATE, TRO, INTO, and TFO. THO is locked into 
a timer function (counting machine cycles) and takes 
over the use ofTRI 
and TFI from Timer 1. Thus, THO 


now controls the "Timer I" interrupt. 


TLl with the contents of THI, which is preset by soft- 
ware. The reload leaves THI unchanged. 


Mode 3 is provided for applications requiring an extra 
8-bit timer or counter. With Timer 0 in Mode 3, an 
8051 can look like it has three Timer/Counters, 
and an 


8052, like it has four. When Timer 0 is in Mode 3, 
Timer I can be turned on and off by switching it out of 
and into its own Mode 3, or can still be used by the 
serial port as a baud rate generator, or in fact, in any 
application not requiring an interrupt. 


Timer I in Mode 3 simply holds it:;count. The effect is 
the same as setting TRI = O. 


Timer 0 in Mode 3 establishes TLO and THO as two 
separate counters. The logic for Mode 3 on Timer 0 is 
shown in Figure 10. TLO uses the Timer 0 control bits: 
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I ole 
~B-1/12fose 


1/12 lose------1. 


-t..;~iT= 0 


TO PIN 
t elf = 1 


GATE~ 


INTOPIN~ 


Timer 2 is a 16-bit Timer/Counte,r which is present 
only in the 8052. Like Timers 0 and I, it can operate 
either as a timer or as an event counter. This is selected 
by bit C/T2 in the Special Function Register T2CON 
(Figure II). It has three operating modes: "capture," 
"auto-load" and "baud rate generator," which are se- 
lected by bits in T2CON as shown in Table 2. 


RCLK + TCLK CP/RL2 
TR2 
Mode 


0 
0 
1 
16-bit Auto-Reload 
0 
1 
1 
16-bit Capture 
1 
X 
1 
Baud Rate Generator 
X 
X 
0 
(off) 
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(MSB) 


TF2 
EXF:! 


Symbol 
Position 


TF2 
T2CON.7 


EXF2 
T2CON.6 


./ 


RCLK 
T2CON.5 


TCLK 
T2CON.4 


EXEN2 
T2CON.3 


TR2 
T2CON.2 


C/T2 
T2CON.1 


CP/RL2 
T2CON.O 


(LSB) 
CP/m 


Name 
and Significance 


TImer 2 overflow 
flag set by a Timer 
2 overflow 
and must be cleared 
by software. 


TF2 will not be set when 
either 
RCLK = 1 or TCLK = 1. 


Timer 
2 external 
flag set when either 
a capture 
or reload 
is caused 
by a negative 


transition 
on T2EX and EXEN2 
= 1. When 
Timer 
2 interrupt 
is enabled, 
EXF2 = 1 


will cause 1he CPU to vector 
to the Timer 
2 interrupt 
routine. 
EXF2 must be 


cleared 
by software. 


Receive 
clock 
flag. When 
set, causes 
the serial port to use Timer 
2 overflow 
pulses 
for its receive 
clock 
in Modes 
1 and 3. RCLK = 0 causes 
Timer 
1 overflow 


to be used for the receive 
clock. 


Transmit 
clock flag. When 
set, causes 
the serial port to use Timer 
2 overflow 
pulses 
for its transmit 
clock 
in modes 
1 and 3. TCLK = 0 causes 
Timer 
1 
overflows 
to be used for the transmit 
clock. 


Timer 
2 external 
enable 
flag. When 
set, allows 
a capture 
or reload 
to occur 
as a 
result of a negative 
transition 
on T2EX 
if Timer 
2 is not being used to clock 
the 
serial port. EXEN2 = 0 causes 
Timer 
2 to ignore 
events 
at T2EX. 


Start/stop 
control 
for Timer 
2. A logic 1 starts the timer. 


Timer 
or counter 
select. 
(Timer 
2) 


o = Internal 
timer 
(OSC/12) 


1 = External 
event 
counter 
(falling 
edge triggered). 


Capture/Reload 
flag. When 
set, captures 
will occur 
on negative 
transitions 
at 


T2EX 
if EXEN2 
= 1. When cleared, 
auto-reloads 
will occur 
either 
with Timer 
2 
overflows 
or negative 
transitions 
at T2EX when 
EXEN2 
= 1. When either 
RCLK 
= 1 or TCLK = 1, this bit is ignored 
and the timer is forced 
to auto-reload 
on 
Timer 2 overflow. 


In the Capture Mode there are two options which are 
selected by bit EXEN2 in TICON. If EXEN2 = 0, 
then Timer 2 is a 16-bit timer or counter which upon 
overflowing sets bit TF2, the Timer 2 overflow bit, 
which can be used to generate an interrupt. If EXEN2 
= I, then Timer 2 still does the above, but with the 
added feature that a I-to-Otransition at external input 
T2EX causes the current value in the Timer 2 registers, 
TL2 and TH2, to be captured into registers RCAP2L 
and RCAP2H, respectively. (RCAP2L and RCAP2H 
are new Special Function Regist,ersin the 8052.) In 
addition, the transition at T2EX causes bit EXF2 in 
T2CON to be set, and EXF2, likeTF2, can generate an 
interrupt. 


In the auto-reload mode there anl again two options, 
which are selected by bit EXEN2 in T2CON. If 
EXEN2 = 0, then when Timer 2 rolls over it not only 
sets TF2 but also causes the Timer 2 registers to be 
reloaded with the 16-bit value in registers RCAP2L 
and RCAP2H, which are preset by software.IfEXEN2 
= I, then Timer 2 still does the above, but with the 


added feature that a I-to-Otransition at external input 
TIEX will also trigger the 16-bitreload and set EXF2. 


The baud rate generator mode is selectedby RCLK = 
I and/or TCLK = 1. It will be described in conjunc- 
tion with the serial port. 


The serial port is full duplex, meaning it can transmit 
and receive simultaneously. It is also receive-butTered, 
meaning it can commence reception of a second byte 
before a previously received byte has been read from 
the receive register. (However, if the first byte still 
hasn't been read by the time reception of the second 
byte is complete, one of the bytes will be lost). The 
serial port receive and transmit registers are both ac- 
cessed at Special Function Register SBUF. Writing to 
SBUF loads the transmit register, and reading SBUF 
accessesa physically separate receiveregister. 
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~ 


12 PIN 
t cm= 1 


&1: 
12EXPIN 
~ 
'1' 


CONTROL 


EKEN2 


Mode 
0: Serial data 
enters 
and exits through 
RXD. 


TXD outputs 
the shift clock. 8 bits are transmitted/re- 


ceived: 8 data bits (LSB first). The baud rate is fixed at 
1112 the oscillator 
frequency. 


Mode 1: IO bits are transmitted 
(through 
TXD) 
or re- 


ceived (through 
RXD): a start bit (0), 8 data bits (LSB 


first), and a stop bit (I). On receive, the stop bit goes 
into 
RB8 
in Special 
Function 
Register 
SCaN. 
The 
baud rate is variable. 


Mode 2: II bits are transmitted 
(though 
TXD) 
or re- 


ceived (through 
RXD): a start bit (D), 8 data bits (LSB 


first), a programmable 
9th data bit, and a stop bit (I). 
On Transmit, 
the 9th data bit (TB8 in SCaN) 
can be 


assigned the value of 0 or I. Or, for example, the parity 
bit (P, in the PSW) could be moved into TB8. On re- 
ceive, the 9th data bit goes into RB8 in Special Functon 
Register SCaN, 
while the stop bit iBignored. The baud 


rate is programmable 
to either '1.2 or 1/6. the oscillator 


frequency. 


Mode 3: II bits are transmitted 
(through 
TXD) 
or re- 


ceived (through 
RXD): a start bit (0), 8 data bits (LSB 
first), a programmable 
9th data bit and a stop bit (I). In 


fact, Mode 
3 is the same as Mode 
2 in all respects 


except the baud rate. The baud rate in Mode 3 is vari- 
able. 


In all four modes, transmission 
is initiated 
by any in- 


struction 
that uses SBUF as a destination 
register. Re- 


ception is initiated in Mode 0 by the condition 
RI = 0 


and 
REN 
= 
I. Reception 
is initiated 
in the 
other 


modes by the incoming 
start bit if REN = I. 


Modes 2 and 3 have a special provision 
for multipro- 


cessor communications. 
In these modes, 9 data bits are 


received. 
The 9th one goes into RB8. Then 
comes a 


stop bit. The port can be programmed 
such that when 


the stop bit is received, the serial port interrupt 
will be 


activated 
only if RB8 = I. This feature is enabled by 


setting bit SM2 in SCaN. 
A way to use this feature in 


multiprocessor 
systems is as follows. 


When the master processor wants to transmit 
a block of 


data to one of several slaves, it first sends out an ad- 
dress byte which identifies the target slave. An address 
byte differs from a data byte in that the 9th bit is I in an 
address byte and 0 in a data byte. With SM2 = I, no 
slave will be interrupted 
by a data 
byte. An address 


byte, however, 
will interrupt 
all slaves, so that 
each 


slave can examine the received byte and see if it is being 
addressed. 
The addressed 
slave will clear its SM2 bit 


and prepare to receive the data bytes that will be com- 
ing. The slaves that weren't being addressed 
leave their 


SM2s set and go on about their business, ignoring 
the 


coming data bytes. 


SM2 has no effect in Mode 0, and in Mode 
I can be 


used to check the validity of the stop bit. In a Mode I 
reception, 
if SM2 = I, the receive interrupt 
will not be 


activated 
unless a valid stop bit is received. 


The serial port control and status register is the Special 
Function 
Register 
SCaN, 
shown 
in Figure 
14. This 


register contains 
not only the mode selection bits, but 


also the 9th data bit for transmit 
and receive (TB8 and 


RB8), and the serial port interrupt 
bits (TI and RI). 
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loscH+'2~ 


T2PlN------t 
CIT2=' 


-etJ~' 
T2Ell 
PIN",,- 
4 


CONTllOL 


EXEN2 


(MBB) 


~~O 
SM1 


(LSB) 


SM2 
AEN 
TB8 
AB8 
TI 
AI 


enables 
the multiprocessor 
communication 
feature 
in Modes 
2 and 3. In Mode 2 or 3, il SM2 is 
set to 1 then AI will not be 
activated 
il the recoived 
9th data 
bit (AB8) 
is O. In Melde 1, if SM2 


= 1 then AI will no': be activated 
if a valid stop bit wa s not 
received. 
In Mode 
0, SM2 should 
beO. 


enables 
serial reception. 
Set by 
software 
to enable 
reception. 
Clear by software 
to disable 
reception. 


• 
TB8 
is the 9th data bit that will be 


transmitted 
in Modes 
2 and 3. Set or 


clear by software 
as desired. 


in Modes 
2 and 3, is the 91h data bit 


that was received. 
In Mode 
1, il SM2 
= 0, AB8 is the stop bit that was 


received. 
In Mode 0, AB8 is not used. 


is transmit 
interrupt 
flag. Set by 


hardware 
at the end 01 the 8th bit time 


in Mode 0, or at the beginning 
of the 


stop bit in the other 
modes, 
in any 


serial 
transmission. 
Must 
be cleared 


by software. 


• 
AI 
is receive 
interrupt 
flag. Set by 


hardware 
at the end 01 the 8th bit time 


in Mode 0, or halfway 
through 
the stop 


bit time in the other 
modes, 
in any 


serial reception 
(except 
see SM2). 


Must be cleared 
by software. 


SMO 
SM1 
Mode 
Description 
Baud 
Rate 
0 
0 
0 
shift register 
lose/12 
0 
1 
1 
8-bitUAAT 
variable 
. AB8 


1 
0 
2 
9-bItUAAT 
lose/64 
or 


'ose/32 
3 
9-bit UAFlT variable 
. TI 


Oscillator 
Frequency 
Mode 0 Baud Rate = --------- 
12 


2SMOD 
Mode 2 Baud Rate =---X 
(Oscillator 
Frequency) 


64 


The baud 
rate in Mode 
2 depends 
on the value of bit 
SMOD 
in Special 
Function 
Register 
peON. 
If SMOD 


= 0 (which 
is the value on reset), the baud rate '18. the 
oscillator 
frequency. 
If SMOD 
I, the baud 
rate 
is 


'/32 the oscillator 
frequency. 


In the 8051, the baud rates in Modes 
I and 3 are deter- 
mined by the Timer 
1 overflow 
rate. In the 8052, these 
baud rates can be determined 
by Timer 
I, or by Timer 
2, or by both 
(one for transmit 
and 
the other 
for re- 
ceive). 
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When Timer 1 is used as the baud rate generator, the 
baud rates in Modes 1 and 3 are determined by the 
Timer 1 overflow rate and the value of SMOD as fol- 
lows: 


Modes I, 3 
2SMOD 
Baud Rate = --- 
X (Timer 1Overflow Rate) 
32 


The Timer 1 interrupt should be di;abled in this appli- 
cation. The Timer itself can be configured for either 
"timer" 
or "counter" 
operation, and in any of its 3 
running modes. In the most typicd applications, it is 
configured for "timer" 
operation, in the auto-reload 


mode (high nibble of TMOD = 00lOB). In that case, 
the baud rate is given by the formula 


Modes I, 3 
2SMOD 
Oscillator Frequency 
Baud Rate = --- 
X 
...---- 
32 
12x [256 - (THl)] 


One can achieve very low baud rates with Timer 1 by 
leaving the Timer 1 interrupt enabled, and configuring 
the Timer to run as a 16-bit timer (high nibble of 
TMOD = ()()()IB),and using the Timer 1 interrupt to 
do a 16-bit software reload. 


Figure 15 lists various commonly used baud rates and 
how they can be obtained from Timer 1. 


Timer 
1 
Baud Rate 
fosc 
SMOD 
Reload 
elf 
Mode 
Value 
Mode 0 Ma~: 1 MHZ 
12 MHZ 
X 
X 
X 
X 
Mode 2 Ma~: 375K 
12 MHZ 
1 
X 
X 
X 
Modes 1, 3: 62.5K 
12 MHZ 
1 
0 
2 
FFH 
19.21< 
11.059 MHZ 
1 
0 
2 
FDH 
9.6K 
11.059 MHZ 
0 
0 
2 
FDH 
4.8K 
11.059 MHZ 
0 
0 
2 
FAH 
2.4K 
11.059 MHZ 
0 
0 
2 
F4H 
1.2K 
11.059 MHZ 
0 
0 
2 
E8H 
137.5K 
11.986 MHZ 
0 
0 
2 
1DH 
1101<: 
6MHZ 
0 
0 
2 
72H 
1101<: 
12 MHZ 
0 
0 
1 
FEEBH 


In the 8052, Timer 2 is selected as the baud rate genera- 
tor by setting TCLK and/or RCLK in T2CON (Figure 


~ 


TE 
osc 
t:REQ 
IS OIV1OED8Y 
2. NOT 
12 


osc 
+2 
em..l) 


T2PlH 
~t em: I 


11). Note then the baud rates for transmit and receive 
can be simultaneously different. Setting RCLK and/or 
TCLK puts Timer 2 into its baud rate generator mode, 
as shown in Figure 16. 
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Figure 16. Timer 21n Baud Rate Generator 
Mode 
10-13 
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The baud rate generator mode is similar to the auto-re- 
load mode, in that a rollover in TH2 causes the Timer 2 
registers to be reloaded with the i6-bit value in registers 
RCAP2H and RCAP2L, which ,arepreset by software, 


Now, the baud rates in Modes I and 3 are determined 
by Timer 2's overflow rate as follows: 


Timer 2 Overflow Rate 
Modes I, 3 Baud Rate = --------- 


16 


The Timer can be configured for either "timer" 
or 


"counter" operation. In the most typical applications, it 
is configured for "timer" operation (C1T2 = 0). "Tim- 
er" operation is a little different for Timer 2 when it's 
being used as a baud rate generator. Normally, as a 
timer it would increment every machine cycle (thus at 


1/12 the oscillator frequency). As a baud rate generator, 
however, it increments every state time (thus at 
1/2 the 
oscillator frequency). In that case the baud rate is given 
by the formula 


Modes I, 3 
Oscillator Frequency 
Baud Rate = -------------- 


32x [65536 - (RCAP2H, RCAP2L») 


where 
(RCAP2H, 
RCAP2L) 
is 
the 
content 
of 
RCAP2H and RCAP2L taken a!,a 16-bit unsigned in- 
teger. 


Timer 2 as a baud rate generator lS shown in Figure 16. 
This Figure is valid only if RCLK + TCLK 
= I in 
T2CON. Note that a rollover in TH2 does not set TF2, 
and will not generate an interrupt 
Therefore, the Timer 


2 interrupt does not have to be disabled when Timer 2 
is in the baud rate generator mode. Note too, that if 
EXEN2 is set, a I-to-O transition in T2EX will set 
EXF2 but will not cause a reload from (RCAP2H, 
RCAP2L) to (TH2, TL2), Thus when Timer 2 is in use 
as a baud rate generator, T2EX can be used as an extra 
external interrupt, if desired. 


It should be noted that when Timer 2 is running (TR2 
= I) in "timer" function in the baud rate generator 
mode, one should not try to read or write TH2 or TL2. 
Under these conditions the Timer is being incremented 
every state time, and the results of a read or write may 
not be accurate. The RCAP registers may be read, but 
shouldn't be written to, because a write might overlap a 
reload and cause write and/or reload errors. Turn the 
Timer off (clear TR2) before acc(:ssing the Timer 2 or 
RCAP registers, in this case. 


Serial data enters and exits through RXD. TXD out- 
puts the shift clock. 8 bits are transmitted/received: 
8 
data bits (LSB first). The baud rate is fixed at V12 the 
oscillator frequency. 


Figure 17 shows a simplified funclional diagram of the 
serial port in Mode 0, and associated timing. 


Transmission is initiated by any instruction that uses 
SBUF as a destination register. The "write to SBUF" 
signal at S6P2 also loads a I into the 9th position of the 
transmit shift register and tells the TX Control block to 
commence a transmission. The internal timing is such 
that one full machine cycle will elapse between "write 
to SBUF," and activation of SEND. 


SEND enables the output of the shift register to the 
alternate output function line of P3.0, and also enables 
SHIFT CLOCK to the alternate output function line of 
P3. I. SHIFT CLOCK is low during S3, S4, and S5 of 
every machine cycle, and high during S6, SI and S2. At 
S6P2 of every machine cycle in which SEND is active, 
the contents of the transmit shift register are shifted to 
the right one position. 


As data bits shift out to the right, zeroes come in from 
the left. When the MSB of the data byte is at the output 
position of the shift register, then the I that was initial- 
ly loaded into the 9th position, is just to the left of the 
MSB, and all positions to the left of that contain zeroes. 
This condition flags the TX Control block to do one 
last shift and then deactivate SEND and set n. Both of 
these actions occur at SlPl 
of the 10th machine cycle 


after "write to SBUF." 


Reception is initiated by the condition REN = I and 
RI 
= O. At S6P2 of the next machine cycle, the RX 


Control unit writes the bits 11111110 to the receive 
shift register, and in the next clock phase activates RE- 
CEIVE. 


RECEIVE 
enables SHIFT CLOCK to the alternate 


output function line of P3. I. SHIFT CLOCK makes 
transitions at S3PI and S6PI of every machine cycle. 
At S6P2 of every machine cycle in which RECEIVE is 
active, the contents of the receive shift register are shift- 
ed to the left one position. The value that comes in 
from the right is the value that was sampled at the P3.0 
pin at S5P2 of the same machine cycle. 


As data bits come in from the right, Is shift out to the 
left. When the 0 that was initially loaded into the right- 
most position arrives at the leftmost position in the shift 
register, it flags the RX Control block to do one last 
shift and load SBUF. At SIPI 
of the 10th machine 


cycle after the write to SCaN 
that cleared RI, RE- 
CEIVE is cleared and RI is set. 


Ten bits are transmitted (through TXD), or received 
(through RXD): a start bit (0), 8 data bits (LSB first), 
and a stop bit (I). On receive, the stop bit goes into 
RB8 in SCaN. In the 8051 the baud rate is determined 
by the Timer I overflow rate. In the 8052 it is deter- 
mined either by the Timer I overflow rate, or the Timer 
2 overflow rate, or both (one for transmit and the other 
for receive). 


Figure 18 shows a simplified functional diagram of the 
serial port in Mode I, and associated timings for trans- 
mit receive. 
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WRITE 
'·0 
HBUF 


TX 
fLOCKl 
l 
J 
IWRITETO SBUF 
~DATA 
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~:JDjID2 
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o 
8 
0 
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Transmission is initiated by any instruction that uses 
SBUP as a destination register. The "write to SBUP" 
signal also loads a I into the 9th bit position of the 
transmit shift register and flags the 'IX Control unit 
that a transmission is requested. Transmission actually 
commences at SIP 1 of the machi.necycle followingthe 
next rollover in the divide-by-16~ounter.(Thus, the bit 


times are synchronized to the divide-by-16counter, not 
to the "write to SBUP" signal). 


The transmission begins with activation of SEND, 
which puts the start bit at TXD. One bit time later, 
DATA is activated, which enables the output bit of the 
transmit shift register to TXD. The first shift pulse oc- 
curs one bit time after that. 
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As data bits shift out to the right, zeroes are clocked in 
from the left. When the MSB of the data byte is at the 
output position of the shift register, then the I that was 
initially loaded into the 9th position isjust to the left of 
the MSB, and all positions to the left of that contain 
zeroes. This condition flags the TX Control unit to do 
one last shift and then deactivate SEND and set 1'1. 
This occurs at the 
10th divide-by-16 rollover after 


"write to SBUF." 


Reception is initiated by a detected I-to-O transition at 
RXD. For this purpose RXD is sampled at a rate of 16 
times whatever baud rate has been established. When a 
transition is detected, the divide-by-16 counter is imme- 
diately reset, and lFFH is written into the input shift 
register. Resetting the divide-by-16 counter aligns its 
rollovers with the boundaries of the J.ncomingbit times. 


The 16 states of the counter divide each bit time into 
16ths. At the 7th, 8th, and 9th count,:r states of each bit 
time, the bit detector samples the value of RXD. The 
value accepted is the value that was seen in at least 2 of 
the 3 samples. This is done for noi:.e rejection. If the 
value accepted during the first bit time is not 0, the 
receive circuits are reset and the unit goes back to look- 
ing for another I-to-O transition. Th is is to provide re- 
jection of false start bits. If the start bit proves valid, it 
is shifted into the input shift register, and reception of 
the rest of the frame will proceed. 


As data bits come in from the right, Is shift out to the 
left. When the start bit arrives at tht: leftmost position 
in the shift register, (which in mode I is a 9-bit regis- 
ter), it flags the RX Control block to do one last shift, 
load SBUF and RB8, and set RI. The signal to load 
SBUF and RB8, and to set RI, will be:generated if, and 
only if, the following conditions are met at the time the 
final shift pulse is generated. 


1) RI = 0, and 
2) Either5M2 
= 0, or the received stop bit = 1 


If either of these two conditions is not met, the received 
frame is irretrievably lost. If both conditions are met, 
the stop bit goes into RB8, the 8 data bits go into 
SBUF, and RI is activated. At this time, whether the 
above conditions are met or not, the unit goes back to 
looking for a I-to-O transition in RXD. 


Eleven bits are transmitted (through TXD), or received 
(through RXD): a start bit (0), 8 data bits (LSB first), a 
programmable 9th data bit, and a stop bit (I). On trans- 


mit, the 9th data bit (TB8) can be assigned the value of 
o or J. On receive, the 9th data bit goes into RB8 in 
SCaN. The baud rate is programmable to either '/32 or 
'/64 the oscillator frequency in Mode 2. Mode 3 may 
have a variable baud rate generated from either Timer I 
or 2 depending on the state of TCLK and RCLK. 


Figures 19 and 20 show a functional diagram of the 
serial port in Modes 2 and 3. The receive portion is 
exactly the same as in Mode I. The transmit portion 
differs from Mode I only in the 9th bit of the transmit 
shift register. 


Transmission is initiated by any instruction that uses 
SBUF as a destination register. The "write to SBUF" 
signal also loads TB8 into the 9th bit position of the 
transmit shift register and flags the TX Control unit 
that a transmission is requested. Transmission com- 
mences at SIPI of the machine cycle following the next 
rollover in the divide-by-16 counter. (Thus, the bit 
times are synchronized to the divide-by-16 counter, not 
to the "write to SBUF" signal.) 


The transmission 
begins with activation 
of SEND, 


which puts the start bit at TXD. One bit time later, 
DATA is activated, which enables the output bit of the 
transmit shift register to TXD. The first shift pulse oc- 
curs one bit time after that. The first shift clocks a I 
(the stop bit) into the 9th bit position of the shift regis- 
ter. Thereafter, only zeroes are clocked in. Thus, as 
data bits shift out to the right, zeroes are clocked in 
from the left. When TB8 is at the output position of the 
shift register, then the stop bit is just to the left of TB8, 
and all positions to the left of that contain zeroes. This 
condition flags the TX Control unit to do one last shift 
and then deactivate SEND and set 1'1. This occurs at 
the 11th divide-by-16 rollover after "write to SBUF." 


Reception is initiated by a detected I-to-O transition at 
RXD. For this purpose RXD is sampled at a rate of 16 
times whatever baud rate has been established. When a 
transition is detected, the divide-by-16 counter is imme- 
diately reset, and IFFH is written to the input shift 
register. 


At the 7th, 8th and 9th counter states of each bit time, 
the bit detector samples the value of RXD. The value 
accepted is the value that was seen in at least 2 of the 3 
samples. If the value accepted during the first bit time 
is not 0, the receive circuits are reset and the unit goes 
back to looking for another 
I-to-O transition. 
If the 
start bit proves valid, it is shifted into the input shift 
register, and reception of the rest of the frame will pro- 
ceed. 
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As data bits come in from the nght, Is shift out to the 
left. When the start bit arrives at the leftmost position 
in the shift register (which in Modes 2 and 3 is a 9-bit 
register), it flags the RX Control block to do one last 
shift, load SBUF and RB8, and set RI. The signal to 
load SBUF and RB8, and to set RI, will be generated if, 
and only if, the followingconditions are met at the time 
the final shift pulse is generated: 


1) RI = 0, and 
2) Either5M2 = 0 or the received9th data bit = 1 


If either of these conditions is not met, the received 
frame is irretrievably lost, and RI is not set. If both 
conditions are met, the received 9th data bit goes into 
RB8, and the first 8 data bits go into SBUF. One bit 
time later, whether the above conditions were met or 
not, the unit goesback to lookingfor a I-to-o transition 
at the RXD input. 


Note that the value of the received stop bit is irrelevant 
to SBUF, RB8, or RI. 


The 8051 provides 5 interrupt sources. The 8052 pro- 
vides 6. These are shown in Figure 21. 


The External Interrupts INTO and INTI can each be 
either level-activatedor transition-activated, depending 
on bits ITOand IT! in Register TCON. The flags that 
actually generate these interrupts are bits IEOand lEI 
in TCON. When an external interrupt is generated, the 
flag that generated it is cleared by the hardware when 
the service routine is vectored to only if the interrupt 


was transition-activated. If the interrupt was level-acti- 
vated, then the external requesting source is what con- 
trols the request flag, rather than the on-chip hardware. 


The Timer 0 and Timer I Interrupts are generated by 
TFO and TFI, which are set by a rollover in their re- 
spectiveTimer/Counter registers (except see Timer 0 in 
Mode 3). When a timer interrupt is generated, the flag 
that generated it is cleared by the on-chip hardware 
when the service routine is vectored to. 


The Serial Port Interrupt is generated by the logicalOR 
of RI and TI. Neither of these flags is cleared by hard- 
ware when the service routine is vectored to. In fact, 
the service routine will normally have to determine 
whether it was RI or TI that generated the interrupt, 
and the bit will have to be cleared in software. 


In the 8052, the Timer 2 Interrupt is generated by the 
logical OR of TF2 and EXF2. Neither of these flags is 
cleared by hardware when the service routine is vec- 
tored to. In fact, the service routine may have to deter- 
mine whether it was TF2 or EXF2 that generated the 
interrupt, and the bit will have to be cleared in soft- 
ware. 


All of the bits that generate interrupts can be set or 
cleared by software, with the same result as though it 
had been set or cleared by hardware. That is, interrupts 
can be generated or pending interrupts can be canceled 
in software. 


(MSB) 
(LSB) 


I EA 
, 
- 'm' 
ES 
, En 
, EX1 , ETO , EXO I 


Function 


disables 
all interrupts. 
If EA = 0, no 


interrupt 
will be acknowledged. 
If EA 
= 1, each interrupt source is 
individually 
enabled 
or disabled 
by 


setting 
or clearing 
its enable 
bit. 


reserved. 


enables 
or disables 
the Timer 
2 


Overflow 
or capture 
interrupt. 
If ET2 
~ 0, the Timer 
2 interrupt 
is disabled. 


enables 
or disables 
the Serial 
Port 
interrupt. 
If ES ~ 
0, the Serial 
Port 


interrupt 
is disabled. 


enables 
or disables 
the Timer 
1 


Overflow 
interrupt. 
If ET1 
~ 0, the 


Timer 
1 interrupt 
is disabled. 


enables 
or disables 
External 
Interrupt 


1. If EX1 = 0, External 
Interrupt 
1 is 


disabled. 


ETO 
1E.1 
enables 
or disables 
the Timer 
0 


Overflow 
interrupt. 
If ETO = 0, the 


Timer 0 interrupt 
is disabled. 


EXO 
IE.O 
enables 
or disables 
External 
Interrupt 


O. If EXO = 0, External 
Interrupt 
0 is 


disabled. 


User software 
should 
never write 
1s to unimplemented 
bits, 


since they may be used in future 
MCS-51 
products. 
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Each of these interrupt sources can be individually en- 
abled or disabled by setting or clenring a bit in Special 
Function Register IE (Figure 22). IE contains also a 
global disable bit, EA, which disables all interrupts at 
once. 


Note in Figure 23 that bit position IE.6 is unimple- 
mented. In the 805Is, bit position lE.5 is also unimple- 
mented. User software should not write Is to these bit 
positions, since they may be used in future MCS-5l 
products. 


Each interrupt 
source can also be individually pro- 


grammed to one of two priority levels by setting or 
clearing a bit in Special Function Register IP (Figure 
23). A low-priority interrupt can itself be interrupted 
by a high-priority interrupt, but not by another low-pri- 
ority interrupt. A high-priority inte:rrupt can't be inter- 
rupted by any other interrupt sourc.e. 


(MSB) 
(LSB) 
I - 
I - 
I PT21 
PS I PT1 I PXI I PTO I pxo I 


Symbol 
Position 
Funclton 


IP.? 
reserved 


IP.6 
reserved 


PT2 
IP.5 
defines 
the Timer 
2 interrupt 
priority 
level. PT2 = 1 programs 
it to the 
higher 
priority 
le\'el. 


PS 
IP.4 
defines 
the Serial 
Port interrupt 
priority 
level. PS = 1 programs 
it to the 
higher 
priority 
level. 


PT1 
IP.3 
defines 
the Time' 
1 interrupt 
priority 
level. PT1 = 1 programs 
it to the 
higher 
priority 
level. 


PTO 
IP.1 
defines 
the TImer 0 interrupt 
priority 
level. PTO = 1 programs 
it to the 
higher 
priority 
lev.1. 


PXO 
IP.O 
defines 
the Extemallnterrupt 
0 priority 
level. PXO = 1 programs 
it to the 
higher 
priority 
lev,,1. 


User software 
should 
never write 
1s to unim~.lemented 
bits. 


since they may be used in future 
MCS·51 
products. 


If two requests of different priority levels are received 
simultaneously, the request of higher priority level is 
serviced. If requests of the same priority level are re- 
ceived simultaneously, an internal polling sequence de- 
termines which request is serviced. Thus within each 
priority level there is a second priority structure deter- 
mined by the polling sequence, as follows: 


Source 
IEO 
TFO 
IE1 
TF1 
RI +TI 
TF2 + EXF2 


Priority Within Level 
(highest) 


Note that the "priority within level" structure is only 
used to resolve simultaneous 
requests of the same priori- 


ty level. 


The IP register contains a number of unimplemented 
bits. IP.7 and IP.6 are vacant in the 8052s, and in the 
8051s these and IP.5 are vacant. User software should 
not write Is to these bit positions, since they may be 
used in future MCS-51 products. 


The interrupt flags are sampled at S5P2 of every ma- 
chine cycle. The samples are polled during the follow- 
ing machine cycle. If one of the flags was in a set condi- 
tion at S5P2 of the preceding cycle, the polling cycle 
will find it and the interrupt system will generate an 
LCALL to the appropriate service routine, provided 
this hardware-generated LCALL is not blocked by any 
of the following conditions: 
1. An interrupt of equal or higher priority level is al- 


ready in progress. 


2. The current (polling) cycle is not the final cycle in 


the execution of the instruction in progress. 


3. The instruction in progress is RETI or any write to 


the IE or IP registers. 


Any of these three conditions will block the generation 
of the LCALL to the interrupt service routine. Condi- 
tion 2 ensures that the instruction in progress will be 
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completed before vectoring to any service routine. Con- 
dition 3 ensures that if the instruction in progress is 
RETI or any access to IE or IP, then at least one more 
instruction will be executed before any interrupt is vec- 
tored to. 


The polling cycle is repeated with each machine cycle, 
and the values polled are the valuei;that were present at 
S5P2 of the previous machine cycle. Note then that if 
an interrupt flag is active but not being responded to for 
one of the above conditions, if the flag is not still active 
when the blocking condition is removed, the denied in- 
terrupt will not be serviced. In other words, the fact 
that the interrupt flag was once active but not serviced 
is not remembered. Every polling cycle is new. 


The polling cycle/LCALL 
sequence is illustrated in 
Figure 24. 


Note that if an interrupt of higher priority level goes 
active prior to S5P2 of the machine cycle labeled C3 in 
Figure 24, then in accordance with the above rules it 
will be vectored to during C5 and C6, without any in- 
struction of the lower priority routine having been exe- 
cuted. 


Thus the processor acknowledges an interrupt request 
by executing a hardware-generated LCALL to the ap- 
propriate servicing routine. In some cases it also clears 
the flag that generated the interrupt, and in other cases 
it doesn't. It never clears the Serial Port or Timer 2 
flags. This has to be done in the user's software. It 
clears an external interrupt flag (IEOor IE 1) only if it 
was 
transition-activated. 
The 
hardware-generated 
LCALL pushes the contents of file Program Counter 
onto the stack (but it does not save the PSW) and re- 
loads the PC with an address that depends on the 
source of the interrupt being vectored to, as shown be- 
low. 
Vector 
Address 
0003H 
OOOBH 
0013H 
001BH 
0023H 
OQ2BH 


IEO 
TFO 
IE1 
TF1 
AI + TI 
TF2 + EXF2 


Execution proceeds from that location until the RETI 
instruction is encountered. The RETI instruction in- 
forms the processor that this interrupt routine is no 
longer in progress, then pops the top two bytes from the 
stack and reloads the Program Counter. Execution of 
the interrupted program continut,s from where it left 
off. 


Note that a simple RET instruction would also have 
returned execution to the interrupted program, but it 
would have left the interrupt control system thinking 
an interrupt was still in progress. 


The external sources can be programmed to be level-ac- 
tivated or transition-activated by setting or clearing bit 
IT! or ITO in Register TCON. If ITx = 0, external 
interrupt x is triggered by a detected low at the INTx 
pin. If ITx = I, external interrupt x is edge-triggered. 
In this mode if successive samples of the INTx pin 
show a high in one cycle and a low in the next cycle, 
interrupt request flag lEx in TCON is set. Flag bit lEx 
then requests the interrupt. 


Since the external interrupt pins are sampled once each 
machine cycle, an input high or low should hold for at 
least 12 oscillator periods to ensure sampling. If the 
external interrupt is transition-activated, 
the external 
source has to hold the request pin high for at least one 
cycle, and then hold it low for at least one cycle to 
ensure that the transition is seen so that interrupt re- 
quest flag lEx will be set. lEx will be automatically 
cleared by the CPU when the service routine is called. 


If the external interrupt is level-activated, the external 
source has to hold the request active until the requested 
interrupt is actually generated. Then it has to deacti- 
vate the request before the interrupt service routine is 
completed, or else another interrupt will be generated. 


Response Time 


The INTO and INTI 
levels are inverted and latched 
into IEO and lEI at S5P2 of every machine cycle. The 
values are not actually polled by the circuitry until the 
next machine cycle. If a request is active and conditions 
are right for it to be acknowledged, a hardware subrou- 
tine call to the requested service routine will be the next 
instruction to be executed. The call itself takes two cy- 
cles. Thus, a minimum of three complete machine cy- 
cles elapse between activation of an external interrupt 
request and the beginning of execution of the first in- 
struction of the service routine. Figure 24 shows inter- 
rupt response timings. 


A longer response time would result if the request is 
blocked by one of the 3 previously listed conditions. If 
an interrupt of equal or high,er priority level is already 
in progress, the additional wait time obviously depends 
on the nature of the other interrupt's service routine. If 
the instruction in progress is not in its final cycle, the 
additional wait time cannot be more than 3 cycles, since 
the longest instructions (MUL and DIY) are only 4 
cycles long, and if the instruction in progress is RETI 
or an access to IE or IP, the additional wait time can- 
not be more than 5 cycles (a maximum of one more 
cycle to complete the instruction in progress, plus 4 
cycles to complete the next instruction if the instruction 
is MUL or DIV). 


Thus, in a single-interrupt system, the response time is 
always more than 3 cycles and less than 9 cycles. 
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The 8051 interrupt structure allows single-step execu- 
tion with very little software overhead. As previously 
noted, an interrupt request will not be responded to 
while an interrupt of equal priority level is still in prog- 
ress, nor will it be responded to 2.fter RETI until at 
least one other instruction has be~n executed. Thus, 
once an interrupt routine has been entered, it cannot be 
re-entered until at least one instruction of the interrupt- 
ed program is executed. One way to use this feature for 
single-stop operation is to program one of the external 
interrupts (say, INTO) to be level-activated. The service 
routine for the interrupt will terminate with the follow- 
ing code: 


JNB 
P3.2,$ 
JB 
P3.2,$ 
RETI 


;Wait Here Till INTO Goes High 
;Now Wait Here Till it Goes Low 
:Go Back and Execute One Instruction 


Now if the INTO pin, which is also the P3.2 pin, is held 
normally low, the CPU will go right into the External 
Interrupt 0 routine and stay there until INTO is pulsed 
(from low to high to low). Then it will execute RETI, 
go back to the task program, execute one instruction, 
and immediately re-enter the External Interrupt 0 rou- 
tine to await the next pulsing of P3.2. One step of the 
task program is executed each time P3.2 is pulsed. 


The reset input is the RST pin, which is the input to a 
Schmitt Trigger. 


A reset is accomplished by holding the RST pin high 
for at least two machine cycles (24 oscillator periods), 
while the oscillator 
is running. 
The CPU responds by 


generating an internal reset, with the timing shown in 
Figure 25. 


The external reset signal is asynchronous to the internal 
clock. The RST pin is sampled during State 5 Phase 2 
of every machine cycle. The port pins will maintain 
their current activities for 19 oscillator periods after a 
logic I has been sampled at the RST pin; that is, for 19 
to 31 oscillator periods after the external reset signal 
has been applied to the RST pin. 


While the RST pin is high, ALE and PSEN are weakly 
pulled high. After RST is pulled low, it will take I to 2 
machine cycles for ALE and PSEN to start clocking. 
For this reason, other devices can not be synchronized 
to the internal timings of the 8051. 


The internal reset algorithm writes Osto all the SFRs 
except the port latches, the Stack Pointer, and SBUF. 
The port latches are initialized to FFH, 
the Stack 
Pointer to 07H, and SBUF is indeterminate. Table 3 
lists the SFRs and their reset values. 


The internal RAM is not affected by reset. On power 
up the RAM content is indeterminate. 
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SFRName 
Reset Value 
PC 
OOOOH 
ACC 
OOH 
B 
OOH 
PSW 
OOH 
SP 
07H 
DPTR 
OOOOH 
PO-P3 
FFH 
IP (8051) 
XXXOOOOOB 
IP (8052) 
XXOOOOOOB 
IE (8051) 
OXXOOOOOB 
IE (8052) 
OXOOOOOOB 
TMOD 
OOH 
TCON 
OOH 
THO 
OOH 
TLO 
OOH 
TH1 
OOH 
TL1 
OOH 
TH2 (8052) 
OOH 
TL2 (8052) 
OOH 
RCAP2H (8052) 
OOH 
RCAP2L (8052) 
OOH 
SCON 
OOH 
SBUF 
Indeterminate 
PCON (HMOS) 
OXXXXXXXB 
PCON (CHMOS) 
OXXXOOOOB 


".1 


An automatic 
reset can be obtained when VCC is 


turned on by connecting the RST pin to VCC through a 
10 JJ-fcapacitor and to VSS through an 8.2 KO resistor, 
providing the VCC risetime does not exceed a millisec- 
ond and the oscillator start-up time does not exceed 10 
milliseconds. This power-on reset circuit is shown in 
Figure 26. The CHMOS devices do not require the 
8.2K pulldown resistor, although its presence does no 
harm. 


When power is turned on the circuit holds the RST pin 
high for an amount of time that depends on the value of 
the capacitor and the rate at which it charges. To en- 
sure a good reset the RST pin must be high long 
enough to allow the oscillator time to start up (normal- 
ly a few msec) plus two machine cycles. 


Note that the port pins will be in a random state until the 
oscillator has started and the internal reset algorithm 
has written Is to them. 


With this circuit, reducing VCC quickly to 0 causes the 
RST pin voltage to momentarily fall below OV.Howev- 
er, this voltage is internally limited, and will not harm 
the device. 


POWER-SAVING 
MODES OF 
OPERATION 


For applications where power consumption is critical 
the CHMOS version provides power reduced modes of 
operation as a standard feature. The power down mode 
in HMOS devices is no longer a standard feature and is 
being phased out. 


CHMOS versions have two power-reducing 
modes, 


Idle and Power Down. The input through which back- 
up power is supplied during these operations is VCC. 
Figure 27 shows the internal circuitry which imple- 
ments these features. In the Idle mode (IDL = I), the 
oscillator continues to run and the Interrupt, 
Serial 


Port, and Timer blocks continue to be clocked, but the 
clock signal is gated off to the CPU. In Power Down 
(PD = I), the oscillator is frozen. The Idle and Power 
Down modes are activated by setting bits in Special 
Function Register PCON. The address of this register 
is 87H. Figure 26 details its contents. 


In the HMOS devices the PCON register only contains 
SMOD. The other four bits are implemented only in 
the CHMOS devices. User software should never write 
Is to unimplemented bits, since they may be used in 
future MCS-51 products. 


IDLE MODE 


An instruction that sets PCON.O causes that to be the 
last instruction 
executed before going into the Idle 


6an..-l. 
ViP' ,",V UU;;: ,-C U, 
l1Ul 
nUL LU [ne Interrupt, limer, 
and Serial Port functions. The CPU status is preserved 
in its entirety: the Stack Pointer, Program Counter, 
Program Status Word, Accumulator, and all other reg- 
isters maintain their data during Idle. The port pins 
hold the logical states they had at the time Idle was 
activated. ALE and PSEN hold at logic high levels. 


There are two ways to terminate the Idle. Activation of 
any enabled interrupt will cause PCON.O to be cleared 
by hardware, terminating the Idle mode. The interrupt 
will be serviced, and following RETI the next instruc- 
tion to be executed will be the one following the in- 
struction that put the device into Idle. 


~o~ 


XTAL 
2 ~ 
XTAL 
1 


INTERRUPT, 


~ 


ERIALPORT' 


TIMER 
aLOCKS 


CPU 


I 
nil 


(MSB) 
(lSB) 


SMOD 
GF1 
GFO 
PD 
IDl 


Symbol 
Poaltlon 
Name 
and Function 


SMOD 
PCON.7 
Double 
Baud ratn bit. When set to a 1 


and Timer 
1 is used to generate 
baud 


rate, and the Ser al Port is used in 


modes 
1,2, 
or 3. 


PCON.6 
(Reserved) 


PeON.5 
(Reserved) 


PCON.4 
(Reserved) 


GF1 
PCON.3 
General-purpose 
flag bit. 


GFO 
PCON.2 
General-purpose 
flag bit. 


PD 
PCON.1 
Power 
Down 
bit. Betting 
this bit 
activates power down operation. 


IDl 
PCON.O 
Idle mode 
bit. SetUng this bit activates 


idle mode operati In. 


If 1s are written 
to PD and IDl 
at the same time, PD takes 
precedence. 
The reset value 
of PCON is (OX;(XOOOO). 


In the HMOS 
devices 
the PCON register 
only contains 
SMOD. 
The other four bits are implemented 
only in the 


CHMOS 
devices. 
User software 
should 
never write 
1s to 


unimplemented 
bits, since they may be used in future MCS- 


51 products. 


mdlcatlon if an interrupt occurred during normal oper- 
ation or during an Idle. For example, an instruction 
that activates Idle can also set one or both flag bits. 
When Idle is terminated by an interrupt, the interrupt 
service routine can examine the flag bits. 


The other way of terminating the Idle mode is with a 
hardware reset. Since the clock oscillator is still run- 
ning, the hardware reset needs to be held active for only 
two machine cycles (24 oscillator periods) to complete 
the reset. 


The signal at the RST pin clears the IDL bit directly 
and asynchronously. At this time the CPU resumes 
program execution from where it left off; that is, at the 
instruction 
following the one that invoked the Idle 


Mode. As shown in Figure 25, two or three machine 
cycles of program execution may take place before the 
internal reset algorithm takes control. On-chip hard- 
ware inhibits access to the internal RAM during this 
time, but access to the port pins is not inhibited. To 
eliminate the possibility of unexpected outputs at the 
port pins, the instruction following the one that invokes 
Idle should not be one that writes to a port pin or to 
external Data RAM. 


An instruction that sets PCON.I causes that to be the 
last instruction executed before going into the Power 
Down mode. In the Power Down mode, the on-chip 
oscillator is stopped. With the clock frozen, all func- 
tions are stopped, but the on-chip RAM and Special 
Function Registers are held. The port pins output the 
values held by their respective SFRs. ALE and PSEN 
output lows. 


The only exit from Power Down for the 8OC51 is a 
hardware reset. Reset redefines all the SFRs, but does 
not change the on-chip RAM. 


In the Power Down mode of operation, VCC can be 
reduced to as low as 2V. Care must be taken, however, 
to ensure that VCC is not reduced before the Power 
Down mode is invoked, and that VCC is restored to its 
normal operating level, before the Power Down mode is 
terminated. The reset that terminates Power Down also 
frees the oscillator. The reset should not be activated 
before VCC is restored to its normal operating level, 
and must be held active long enough to allow the oscil- 
lator to restart and stabilize (normally less than 10 
msec). 


The EPROM versions of these devices are listed in Ta- 
ble 4. The 8751H programs at VPP = 21V using one 
50 msec PROG pulse per byte programmed. This re- 
sults in a total programming time (4K bytes) of appro x- 
imately 4 minutes. 
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Device 
EPROM 
EPROM 
Ckt 
VPP 
Time Required 
to 
Name 
VE'rsion 
Bytes 
Type 
Program 
Entire Array 


M51 
(E,751) 
4K 
HMOS 
21.0V 
4 minutes 


8051AH 
8~751H 
4K 
HMOS 
21.0V 
4 minutes 


80C51BH 
8?C51 
4K 
CHMOS 
12.75V 
13 seconds 


8052AH 
8752BH 
8K 
HMOS 
12.75V 
26 seconds 


The 8752BH and 87C51 use the faster "Quick-Pulse" 
programming™ 
algorithm. These devices program at 


VPP = 12.75V using a series of twenty-five 100 J.Ls 
PROG pulses per byte programmed. This results in a 
total programming time of approximately 26 seconds 
for the 8752BH (8K bytes) and 13 seconds for the 
87C51 (4K bytes). 


Detailed procedures for programming 
and verifying 


each device are given in the data sheets. 


It is good practice to cover the EPROM window with 
an opaque label when the device is in operation. This is 
not so much to protect the EPROM array from inad- 
vertent erasure, but to protect the RAM and other on- 
chip logic. Allowing light to impinge on the silicon die 
while the device is operating can;ause 
logical malfunc- 


tion. 


In some microcontroller applications it is desirable that 
the Program Memory be secure from software piracy. 
Intel has responded to this need by implementing a 
Program Memory locking scheme:in some of the MCS- 
51 devices. While it is impossible for anyone to guaran- 
tee absolute security against all levels of technological 
sophistication, the Program Memory locks in the MCS- 
51 devices will present a formidable barrier against ille- 
gal readout of protected software. 


The 
8751H contains 
a lock bit which, once pro- 
grammed, 
denies electrical 
acce:ss by any external 


means to the on-chip Program Memory. The effect of 
this lock bit is that while it is programmed the internal 
Program Memory can not be read out, the device can 
not be further programmed, and it can not execute ex- 
ternal Program Memory. Erasing the EPROM 
array 
deactivates the lock bit and restores the device's full 
functionality. It can then be re-programmed. 


The procedure for programming the lock bit is detailed 
in the 8751H data sheet. 


The 87C51 and 8752BH contain two Program Memory 
locking schemes: Encrypted Verify and Lock Bits. 


Encrypted Verify: These devices implement a 32-byte 
EPROM array that can be programmed by the custom- 
er, and which can then be used to encrypt the program 
code bytes during EPROM verification. The EPROM 
verification procedure is performed as usual, except 
that each code byte comes out X-NORed with one of 
the 32 key bytes. The key bytes are gone through in 
sequence. Therefore, to read the ROM code, one has to 
know the 32 key bytes in their proper sequence. 


Unprogrammed bytes have the value FFH. Therefore, 
if the Encryption Array is left unprogrammed all the 
key bytes have the value FFH. Since any code byte 
X-NORed with FFH leaves the code byte unchanged, 
leaving the Encryption Array unprogrammed in effect 
bypasses the encryption feature. 


Lock Bits: Also on the chip are two Lock Bits which 
can be left unprogrammed (U) or programmed (P) to 
obtain the following features: 


Bit2 
Bit 1 
Additional 
Features 


U 
U 
None 


U 
P 
• 
Externally 
fetched 
code can not 


access 
internal 
Program 
Memory. 


• 
Further 
programming 
disabled. 


P 
U 
(Reserved 
for Future definition.) 


P 
P 
• 
Externally 
fetched 
code can not 


access 
internal 
Program 
Memory. 


• 
Further 
programming 
disabled. 


• 
Program verification 
is disabled. 


When Lock Bit I is programmed, the logic level at the 
EA pin is sampled and latched during reset. If the de- 
vice is powered up without a reset, the latch initializes 
to a random value, and holds that value until reset is 
activated. It is necessary that the latched value of EA 
be in agreement with the current logic level at that pin 
in order for the device to function properly. 
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The ONCE ("on-circuit emulation") 
mode facilitates 


testing and debugging of systems using the 87C5l with- 
out the 87C5l having to be removed from the circuit. 
The ONCE mode is invoked by: 
1. Pull ALE low while the device is in reset and PSEN 


is high; 
2. Hold ALE low as RST is deactivated. 


While the device is in ONCE modf:, the Port 0 pins go 
into a float state, and the other port pins and ALE and 
PSEN are weakly pulled high. The oscillator circuit 
remains active. While the 87C5l is in this mode, an 
emulator or test CPU can be used to drive the circuit. 


XTAL1 D- 


"f 


SUBST. 


Normal operation is restored after a normal reset is 
applied. 


THE ON-CHIP 
OSCILLATORS 


HMOS Versions 


The 
on-chip 
oscillator 
circuitry 
for 
the 
HMOS 


(HMOS-I and HMOS-II) members of the MCS-5l fam- 
ily is a single stage linear inverter (Figure 29), intended 
for use as a crystal-controlled, positive reactance oscil- 
lator (Figure 30). In this application the crystal is oper- 
ated in its fundamental response mode as an inductive 
reactance in parallel resonance with capacitance exter- 
nal to the crystal. 


VSS~ 
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The crystal specifications and C2Lpacitancevalues (Cl 
and C2 in Figure 30) are not critic:al.30 pF can be used 
in these positions at any frequency with good quality 
crystals. A ceramic resonator call be used in place of 
the crystal in cost-sensitive applications. When a ce- 
ramic resonator is used, Cl and C2 are normally select- 
ed to be of somewhat higher values, typically, 47 pF. 
The manufacturer of the ceramic: resonator should be 
consulted for recommendations on the values of these 
capacitors. 


A more in-depth discussion of cry~tal specifications, ce- 
ramic resonators, and the selection of values for Cl and 
C2 can be found in Application Note AP-155, "Oscilla- 
tors for Microcontrollers," 
which is included in this 


manual. 


Ycc 


EXTERNAL 
T 


OSCILLAT~t 


SIGNAL 
TTL 1 


GATE 


TOTEv:"POLE 
OUTPUT 
'=' 


Figure 
31. Driving 
the HMOS MCSLX>·51 
Parts with 
an External 
C.lock Source 


'100 0 
XTAL1 [}- 


To drive the HMOS parts 
with an external clock 


source, apply the external clock signal to XTAL2, and 
ground XTALl, as shown in Figure 31. A pullup resis- 
tor may be used (to increase noise margin), but is op- 
tional if VOH of the driving gate exceeds the VIH MIN 
specification of XTAL2. 


The on-chip oscillator 
circuitry 
for the 
8OC51BH, 


shown in Figure 32, consists of a single stage linear 
inverter intended for use as a crystal-controlled, posi- 
tive reactance oscillator in the same manner as the 
HMOS parts. However, there are some important dif- 
ferences. 


One difference is that the 8OC51BH is able to turn off 
its oscillator under software control (by writing a 1 to 
the PO bit in PCON). Another difference is that in the 
8OC51BH the internal clocking circuitry is driven by 
the signal at XTALl, whereas in the HMOS versions it 
is by the signal at XTAL2. 


The feedback resistor Rf in Figure 32 consists of paral- 
leled n- and p- channel PETs controlled by the PO bit, 
such that Rf is opened when PO = I. The diodes 01 
and 02, which act as clamps to VCC and VSS, are 
parasitic to the Rf FETs. 
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QUARTZ CRYSTAL 
OR CERAMIC 
RESONATOR 


The oscillator can be used with the same external com- 
ponents as the HMOS versions, a!;shown in Figure 33. 
Typically, CI = C2 = 30 pF when the feedback ele- 
ment is a quartz crystal, and CI = C2 = 47 pF when a 
ceramic resonator is used. 


To drive the CHMOS parts with an external clock 
source, apply the external clock signal to XTALI, and 
leave XTAL2 float, as shown in Figure 34. 


The reason for this change from the way the HMOS 
part is driven can be seen by comparing Figures 29 and 
32. In the HMOS devices the internal timing circuits 
are driven by the signal at XTAL2. In the CHMOS 
devices the internal timing circuits are driven by the 
signal at XTALI. 


NC 
XTAL2 


EXTERN~ 


OSCILLAT~t 
SIGNAL 


CMOS 
GATE 
j1=" 


270492-28 
Figure 34. Driving the CHMOS MCS@·51 
Parts with an External Glock Source 


Figures 35 through 38 show when the various strobe 
and port signals are clocked inte.mally. The figures do 
not show rise and fall times of the signals, nor do they 
show propagation delays between the XTAL2 signal 
and events at other pins. 


Rise and fall times are dependent on the external load- 
ing that each pin must drive. They are often taken to be 
something in the neighborhood of 10 nsec, measured 
between 0.8Y and 2.0Y. 


Propagation delays are different for different pins. For 
a given pin they vary with pin loading, temperature, 
YCC, and manufacturing lot. Ifthe XTAL2 waveform 
is taken as the timing reference, prop delays may vary 
from 25 to 125 nsec. 


The AC Timings section of the data sheets do not refer- 
ence any timing to the XTAL2 waveform. Rather, they 
relate the critical edges of control and input signals to 
each other. The timings published in the data sheets 
include the effects of propagation 
delays under the 


specified test conditions. 


Port 0: Port 0 is an 8-bit open drain bidirectional I/O 
port. As an open drain output port it can sink 8 LS 
TTL loads. Port 0 pins that have Is written to them 
float, and in that state will function as high-impedance 
imputs. Port 0 is also the multiplexed low-order address 
and data bus during accesses to external memory. In 
this application it uses strong internal pullups when 
emitting Is. Port 0 also emits code bytes during pro- 
gram verification. In that application, external pullups 
are required. 


Port 1: Port I is an 8-bit bidirectional I/O port with 
internal pullups. The Port I output buffers can sink! 
source 4 LS TTL loads. Port I pins that have Is written 
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to them are pulled high by the internal pullups, and in 
that state can be used as inputs. As inputs, Port I pins 
that are externally being pulled low will source current 
(IlL, on the data sheet) because of the internal pullups. 


In the 8052, pins P 1.0 and P 1.1 also serve the alternate 
functions of T2 and T2EX. T2 i~;the Timer 2 external 
input. T2EX is the input through which a Timer 2 
"capture" is triggered. 


Port 2: Port 2 is an 8-bit bidirectional I/O port with 
internal pullups. The Port 2 output buffers can sink/ 
source 4 LS TTL loads. Port 2 emits the high-order 
address byte during accesses to ,~xternal memory that 
use 16-bit addresses. In this application it uses the 
strong internal pullups when emitting Is. Port 2 also 
receives the high-order address and control bits during 
875lH programming and verification, and during pro- 
gram verification in the 8051AH. 


Port 3: Port 3 is an 8-bit bidire<:tional 110 port with 
internal pullups. It also serves th,~functions of various 
special features of the MCS-51 Family, as listed below: 


Port Pin 
P3.0 
P3.1 
P3.2 
P3.3 
P3.4 
P3.5 
P3.6 


Alternate Function 
RXD (serial input port) 
TXD (serial output port) 
INTO (external 
interrupt 
0) 
INT1 (external 
interrupt 
1) 
TO (Timer 0 external 
input) 
T1 (Timer 1 13xternal input) 
WR (external 
data memory 
write strobe) 
RD (external 
data memory 
read strobe) 


The Port 3 output buffers can source/sink 4 LS TTL 
loads. 


RST: Reset input. A high on this pin for two machine 
cycles while the oscillator is running resets the device. 


ALEIPROG: 
Address Latch Enable output pulse for 


latching the low byte of the address during accesses to 
external memory. ALE is emitted at a constant rate of 
'/. of the oscillator frequency, for external timing or 
clocking purposes, even when there are no accesses to 
external memory. (However, one ALE pulse is skipped 
during each access to external Data Me~ 
This pin 


is 
also 
the 
program 
pulse 
input 
(PROG 
during 


EPROM programming. 


PSEN: Program Store Enable is the read strobe to ex- 
ternal Program Memory. When the device is executing 
out of external Program Memory, PSEN is activated 
twice each machine cycle (except that two PSEN acti- 
vations are~d 
during accesses to external Data 
Memory). PSEN is not activated when the device is 
executing out of internal Program Memory. 


EA/VPP: When EA is held high the CPU executes out 
of internal 
Program 
Memory 
(unless the Program 
Counter exceeds OFFFH in the 805lAH, or IFFFH in 
the 8052). Holding EA low forces the CPU to execute 
out of external memory regardless of the Program 
Counter value. In the 803lAH and 8032, EA must be 
extremely wired low. In the EPROM devices, this pin 
also receives the programming supply voltage (VPP) 
during EPROM programming. 


I 
STATIO 11 STATE 21 STATE 31 STATE 41 STATE 51 STATE e ISTATE 1I STATE 21 
~I~ 
~I~ 
~I~ 
~I~ 
~I~ 
~I~ 
~I~ 
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J 
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Figure 35. External Program Memory Fetches 
10-30 
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I 
STATE 41 STIITE 51 STATE I' STATE 1ISTATE 21 STATE 31 STATE 41 STATE 51 
~I~ 
~I~ 
~I~ 
~I~ 
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HARDY tARE DESCRIPTION OF THE 
80CS 1FA/83C51 
FA/87C51 
FA 
AUTOMOTIVE 


The 8OC51FA/83C51F A/87C51FA are 8-bit control-oriented microcontrollers based on the MCS@·51architecture. 
The 8OC51FA/83C51FA/87C51FA 
are enhanced versions of the 8OC5lBH and incorporate many new features. 


These features include: 


• 
Programmable 
Counter 
Array with 
- 
Compare/Capture 
- 
High Speed Output 
- 
Pulse Width Modulator 
- 
Watchdog 
Timer 


• 
Programmable 
Serial Charlnel 
- 
Automatic 
Address 
Recognition 
- 
Framing 
Error Detection 


• 
Enhanced 
Power 
Down Mode 


• 
16·Bit Up/Down 
Timer/Counter 


• 
8K Factory 
Mask ROM/EPROM 
(83C51 FA/87C51 
FA) 
. 


• 
256 Bytes of On-Chip 
Data RAM 


• 
7 Interrupt 
Sources 


The 83C51FA uses the standard 8051 instruction set and is pin for pin compatible with the existing MCS-51 
products. However, the numbering sY:ltemfor the 83C51FA is slightly different. The 83C51FA is the factory masked 
ROM device; the 8OC51FA is the ROMless device; and the 87C51FA is the EPROM device. For the remainder of 
this hardware description the 8OC51FA/83C51FA/87C51FA 
will be referred to as 83C51FA. 


It is assumed that the reader is familiar with the 8051 architecture. For more detailed information on the 8051, 
consult the "Hardware Description of the 8051 and 8052" chapter of this handbook. 


:.....r 
The Programmable Timer/Counter 
Array (PCA) con- 


sists of a 16-bit counter and five l6-bit compare/ cap- 
ture modules. Each compare/capture 
module has its 


own mode register, CCAPMn, which is used to config- 
ure the module. The compare/capture 
modules and the 
PCA counter share Port 1pins r.)r hardware interfacing 
as shown below: 


Port 
Name 
Function 
Pin 


P1.2 
ECI 
External Count Input to the PCA 


P1.3 
CEXO 
External 
I/O for Compare/Capture 
Module 0 


P1.4 
CEX1 
External 
I/O for Compare/Capture 
Module 
1 


P1.5 
CEX2 
External I/O for Compare/Capture 
Module 2 


P1.6 
CEX3 
External I/O for Compare/Capture 
Module 3 


P1.7 
CEX4 
External 
I/O for Compare/Capture 
Module 4 


The time-base for the PCA is a programmable 16-bit 
timer/counter. 
This timer is the only one that can serve 


the PCA. This timer is started o:rstopped by setting or 
clearing bit 
CR in the 
Special Function 
Register 


CCON, and can be programmed to count any of the 
following signals (where Fosc is the 83C51FA oscilla- 
tor frequency): 


• Fosc/12 
The Counter increments once per machine cycle. 


• Fosc/4 


With a 16MHz crystal, the counter increments once 
every 250 ns. 


• Timer 0 overflow 
The counter is incremented wnenever Timer 0 over- 
flows. This mode allows a programmable input fre- 
quency to the PCA. 


.I.U'l;O 
\,AJUUU;;;l 
1:11 Ul""tCll1CllL.C::U 
wl1~n it 
1-10-U 
tranSltlon 


is detected on the ECI pin. The counter is limited to 
input frequencies of Fosc/8 in this mode. 


The 
l6-bit 
PCA 
timer/counter 
can 
also be pro- 


grammed to either run or pause when the CPU is in 
Idle mode. 


Each of the five l6-bit compare/capture 
modules can 


be programmed to do one of the following: 


• l6-bit capture, positive edge activated. 
• l6-bit capture, negative edge activated. 
• 16-bit capture, both positive and negative edge acti- 


vated. 


• 
l6-bit software timer. 


• High-speed output. 
• 8-bit Pulse Width Modulator (PWM). 


In addition, Compare/Capture 
module 4 can be used as 


a Watchdog Timer. 


When any of the compare/capture 
modules are pro- 


grammed to the capture mode or the 16-bit Timer/ 
High speed output mode, an interrupt can be generated 
when the module executes its function. 


DESCRIPTION 
OF THE PCA 


HARDWARE 


The time base for the PCA is a l6-bit timer/counter 
consisting of registers CH and CL (high and low bytes 
of the count value), controlled by Special Function 
Register CCON (Figure 1) and a mode register CMOD 
(Figure 2). 


CCON contains bits CF (Counter Flag) which gets set 
by hardware 
when the counter 
rolls over and CR 


(Counter Run) which is used to turn the counter on 
and off. It also contains interrupt flags from each of the 
five PCA modules. 


inter 


__ 
C_F 
C_R_C~ 
CCF4 


Symbol 
Position 
Function 


CF 
CCON.7 
PCA Counter Overflow 
flag. Set by hardware 
when the 
counter 
rolls over. CF flags an interrupt 
if bit ECF in CMOD is 
set. CF may be set by either hardware 
or software. 
It can only 
be cleared 
by software. 


CR 
CCON.6 
Counter 
Run control 
bit. Set by software 
to turn the PCA 
counter 
on. Clear by software 
to turn the PCA counter 
off. 
- 
CCON.5 
Not implemented, 
reserved 
for future use.' 


CCF4 
CCONA 
PCA Module 4 interrupt flag. Set by hardware 
when a match or 
capture occurs. Must be cleared 
by software. 


CCF3 
CCON.3 
PCA Module 3 interrupt flag. Set by hardware 
when a match or 
capture occurs. 
Must be cleared 
by software. 


CCF2 
CCON.2 
PCA Module 2 interrupt flag. Set by hardware 
when a match or 


capture occurs. Must be cleared 
by software. 


CCF1 
CCON.1 
PCA Module 
1 interrupt flag. Set by hardware 
when a match or 
capture occurs. Must be cleared 
by software. 


CCFO 
CCON.O 
PCA Module 0 interrupt flag. Set by hardware 
when a match or 
capture occurs. 
Must be cleared 
by software. 


NOTE: 
'User software should not write 1s to reserved bits. These bits may be used in future MCS-51 products to invoke new 
features. In that case, the reset or inal;tive value of the new bit will be 0, and its active value will be 1. The value read from a 
reserved bit is indeterminate. 
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CMOD contains the following bits: 
CIDL - 
selects whether the peA counter continues to run in Idle Mode 
WDTE - 
enables the Watchdog Timer function 
CPSI and CPSO-select 
the counter input 
ECF - 
enables CF to generate an interrupt. 


WDTE L 
~ 
CP_S_1 
C_P_SO 
E_C_F_ 


Address 
= OD9H 


Symbol 
Position 
Function 


CIDL 
CMOD.7 
Counter 
Idle control: 
CIDL = 0 programs 
PCA Counter to continue 
functioning 
during Idle mode. CIDL = 1 programs 
it to be gated off during 


Idle. 


WDTE 
CMOD.6 
Watchdog 
Timer Enable: WDTE = 0 disables Watchdog 
Timer function. 


WDTE = 1 enables 
it. 


- 
CMOD.5 
Not implemented, 
reserved 
for future use.' 
- 
CMODA 
Not implemented, 
reserved 
for future use.' 
- 
CMOD.3 
Not implemented, 
reserved 
for future use.' 


CPS1 
CMOD.2 
Count Pulse Select bit 1. 


CPSO 
CMOD.1 
Count Pulse Select bit O. 


CPS1 
CPSO 
PCA Count Pulse Selected 


0 
0 
Internal clock, Fosc/12 


0 
1 
Internal clock, Fosc/4 


1 
0 
Timer 0 overflow 
1 
1 
External clock at ECI pin (P1.2) 
(maximum 
rate = Fosc/8) 


ECF 
CMOD.O 
Enable Counter Overflow 
interrupt: 
ECF = 1 enables CF bit in CCON to 


generate 
an interrupt. 
ECF = 0 disables that function 
of CF. 


NOTE: 
·User software should not write 1s to reserved bits. These bits may be used in future MCS-51 products to invoke new 
features. In that case, the reset or inactive value of the new bit will be 0, and its active value will be 1. The value read from a 
reserved bit is indeterminate. 


Each of the five PCA modules has a Compare/Capture 
Mode register, CCAPMn, n = 0 through 4 (Figure 3). 
The following bits in each CCAPMn register define 
that module's function: 
ECOMn - 
enables that module's comparator function 


CAPPn - 
enables the capture 
function on positive 
transitions at the CEXn pin 


CAPNn - 
enables the capture function on negative 
transitions at the CEXn pin 


MATn 
- 
enables a comparator match to set the cor- 
responding CCFn flag 
TOGn 
- 
enables a comparator match to toggle the 
CEXn pin 
PWMn 
- 
enables the PWM output at the CEXn pin 


ECCFn - 
enables any Compare/Capture 
event to flag 


an interrupt 


I 
ECOMn 
I~~ 
CAPNn 


Addresses 
= OOAH (n = 0) 
OOSH (n=1) 
OOCH (n=2) 
OOOH (n=3) 
OOEH (n=4) 


MATn 
I 
TOGn 
I 
PWMn 
I 
ECCFn 


Reset Value 
= XOOOOOOOS 


Symbol 
Position 
Function 
- 
CCAPMn.i' 
Not implemented, 
reserved 
for future use.' 


ECOMn 
CCAPMn.ti 
ECOMn 
= 
1 enables the comparator 
function. 
This bit is 
automatically 
cleared 
by any write to the CCAPnL register, 
and automatically 
set by any write to the CCAPnH register. 
This prevents 
unintended 
matches 
from occurring 
during 
writes to the 16-bit Compare/Capture 
register. 


CAPPn 
CCAPMn.!:i 
Positive edge capture enable. When CAPPn 
= 1, a positive 
transition 
at the CEXn pin triggers a 16-bit capture from the 
PCA counter to this module's 
Compare/Capture 
register. 


CAPNn 
CCAPMnA 
Negative 
edge capture enable. When CAPNn 
= 1, a negative 
transition 
at the CEXn pin triggers a 16-bit capture from the 
PCA counter to this module's 
Compare/Capture 
register. 


MATn 
CCAPMn.3 
When MATn = 1, a match of the PCA Counter with this 
module's 
Compare/Capture 
register causes the CCFn bit in 
CCON to be set, flagging an interrupt. 


TOGn 
CCAPMn.2 
When TOGn 
= 
1, a match of the PCA Counter with this 
module's 
Compare/Capture 
register causes the CEXn pin to 
toggle. 


PWMn 
CCAPMn.1 
When PWMn 
= 1, CEXn is driven high when the low byte of 
the PCA Counter (CL) matches 
the low byte of this module's 
Compare/Capture 
register (CCAPnL). When CL rolls over to 
OOH,the CEXn pin is driven low and CCAPnL is updated 
with 
the value in CCAPnH. This enables the CEXn pin to be used 
as a pulse width modulated 
output. Software 
varies the pulse 
width by writing to CCAPnH. 


ECCFn 
CCAPMn.O 
Enables Compare/Capture 
Flag CCFn in the CCON register to 
generate 
an interrupt. 


NOTE: 
'User 
software 
should 
not write 
1s to reserved 
bits. These 
bits 
may be used 
in future 
MCS-51 
products 
to invoke 
new 
features. 
In that case, the reset or inactive 
value of the new bit wilt be 0, and its active value will be 1. The value 
read from a 
reserved 
bit is indeterminate. 


There are 6 modes of operation for each of the 5 PCA 
modules. Shown below are the combinations of bits in 
the CCAPMn 
register 
that 
are valid and 
have a 


defined function. Invalid combinations will produce un- 
defined results. 


ECOMn 
CAPPn 
CAPNn 
MATn 
TOGn 
PWMn 
ECCFn 
Module 
Function 
0 
0 
0 
0 
0 
0 
0 
No operation 


X 
1 
0 
0 
0 
0 
X 
16-bit capture 
by a positive-edge 
trigger on CEXn 


X 
0 
1 
0 
0 
0 
X 
16-bit capture 
by a negative-edge 
trigger on CEXn 


X 
1 
1 
0 
0 
0 
X 
16-bit capture 
by a transition 
on CEXn 
1 
0 
0 
1 
0 
0 
X 
16-bit software 
timer 
1 
0 
0 
1 
1 
0 
X 
High Speed Output 
1 
0 
0 
0 
0 
1 
0 
8-bit PWM 


The 5 Compare/Capture 
module, share a 16-bit timer/ 


counter as their "time base". The timer/counter, 
shown 


in Figure 4, can be programmed to increment in 4 dif- 
ferent ways. The modes are shown below with the setup 
values in the CMOD register: 


CPS1 CPSO 
Method 
of Incrementlng 


0 
0 
Internally 
clocked 
at Oscillator 
Frequency 
112 


0 
1 
Internally 
clocked 
at Oscillator 
Frequency 
14 


1 
0 
Incremented 
when Timer 0 overflows 


1 
1 
Externally 
clocked 
on Pin P1.2/ECI. 


(Limited to Oscillator 
Frequency 
18) 


Setting CAPPn and/or 
CAPNn puts Compare/Cap- 


ture module n into Input Capture mode, as shown in 
Figure 
5. The external 
input 
pins CEXO through 


CEX4, are sampled for a transition. When a valid tran- 
sition is detected for the current mode of operation (ris- 
ing edge, falling edge, or either edge), CL is transferred 
into the CCAPnL register, and CH is transferred into 
CCAPnH. The resulting value in the Capture Regis- 
ters, CCAPnL and CCAPnH, reflect the values in CL 
and CH at the time a transition was detected on the 
CEXn pin. The event flags an interrupt if bit ECCFn is 
set. 


fose/12 


fose/4 
TIt.lER 0 
OVERfLOW 


with the count value of the counter module. When they 
are equal, a match signal is generated which can set the 
status bit CCFn in the PCA Control register CCON 
and/or toggle the corresponding CEXn pin. 


Setting bit ECOMn in the Compare/Capture Mode 
Register (CCAPMn) enables the Comparator function 
as shown in Figure 6. The Comparator compares a 
16-bit value stored in the compam/capture 
register 


WRITE TO 


CCAP"L~ 


RESET~ 


PCA nWER 
/ 
COUNTER 
VALUE 


16 
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Bit ECOMn is set by software and is initially cleared 
during reset. It also gets cleared when a write to 
CCAPnL register happens and is set if CCAPnH 
is' 


written to. This feature prevents action until the com- 
plete 16-bit value is loaded into the CCAPnH/L 
regis- 


ter if the low value is written to the 16-bit register first. 


When the MATn (Match) bit is set in the Compare/ 
Capture Mode Register, the cOLTespondingmodule in 
the PCA is configured as a 16-b:lttimer. When the val- 
ue in the 16-bit Compare/Capture 
register is equal to 


the 16-bit value on the Count Bus, the hardware sets 
the CCFn flag. This bit flags an interrupt if ECCFn is 
also set. 


When programmed as a timer, the PCA module, dur- 
ing every cycle, compares the contents of the 16-bit 
timer with the preset value of its Compare registers. 
When a match occurs, if bit TOGn is set, the module 


CL < CCAPnL 


CL ~ CCAPnL 


reverses the logic level of its I/O pin, and/or can gener- 
ate an interrupt as shown in Figure 6. When the PCA 
module is configured in this manner as a High Speed 
Output, the user, by setting or clearing the pin in soft- 
ware, can select whether the module's output pin will 
change from a logical 0 to a logical 1 or vice versa. 


Any or all of the 5 modules of the PCA can be pro- 
grammed to be a Pulse Width Modulator as shown in 
Figure 7. In this mode, the PWM output can be used to 
convert digital data to an analog signal by simple exter- 
nal circuitry. The frequency of the PWM depends on 
which of the four clock sources is selected for the PCA 
Timer. With a 16 MHz crystal the maximum frequency 
of the output waveform of the PWM is 15.6 KHz. The 
duty cycle of the waveform is controlled by the con- 
tents of an 8-bit register (CCAPnH) that can be pro- 
grammed to be any integer from 0 to 255. 


inter 


A Watchdog Timer is a circuit that automatically in- 
vokes a reset unless the system being watched sends 
regular hold-off signals to the Watcbdog. These circuits 
are used in applications that are subject to electrical 
noise, power glitches, electrostatic discharges, etc., or 
where high reliability is required with hands-off opera- 
tion. 


In this mode, every time the count in the PCA counter 
module matches the value stored in compare/capture 
module 4, an internal reset is generated. The bit that 
selects this mode is WDTE in the CMOD register. 
Compare/capture 
module 4 should be set up to be a 
16-bit timer or a High Speed Output in the Watchdog 
Timer mode. 


To hold off the reset, the user's software can: 
• Continually reset the PCA 16-bit timer value to a 
lower value than the reset value in module 4. 
• Clear the WDTE bit when a match is about to oc- 


cur, and then set the WDTE bit ·Iustafter the match 
condition (temporarily disabling-the feature). 
or 
• Continually change the CCAP4H and CCAP4L val- 
ue to one that is "far" from a match value. 


Finally, the Watchdog Timer can lx, used to program a 
reset by allowing a match to occur. 


The full duplex serial port of the 83C5lFA is the same 
as the serial port of the 8052 but with two added fea- 
tures: Automatic 
Address Recognition and Framing 
Error Detection. 


Automatic Address Recognition is useful in multi-proc- 
essor applications in which the CPUs communicate 
through 
the serial channel. Using this feature, the 


83C5lFA's 
Serial Port refrains from interrupting the 
CPU unless it receives its own address. Automatic Ad- 
dress Recognition is enabled by setting the SM2 bit in 
SCON. 


Normally the Serial Port would be configured into ei- 
ther of the 9-bit modes (modes 2 and 3). In these 
modes, if SM2 is set, the Receive Interrupt flag RI is 


not activated unless the received byte is an address byte 
(9th data bit = I), and the address corresponds to ei- 
ther a Given Address or a Broadcast Address. 


The feature works the same way in the 8-bit mode 
(mode I) as in the 9-bit modes, except that the stop bit 
takes the place of the 9th data bit. That is, if SM2 is set, 
RI is not activated unless the received byte agrees with 
either the Given or Broadcast address and is terminated 
by a valid stop bit. 


The Given Address is specified by the contents of two 
new SFRs: SADDR 
and SADEN. 
The 8OC5IFA/ 


83C51FA/87C51FA's 
individual address is defined in 


SADDR. SADEN is a mask byte that defines don't- 
cares in SADDR to form the Given Address. For ex- 
ample, 
SADDR = 01010110 
SADEN = 11111100 
specify the Given Address to be OlOlOIXX. 


The Broadcast Address is formed from the logical OR 
of SADDR and SADEN. Zeros in the logical OR are 
don't-cares. For example, the values given above for 
SADDR and SADEN define the broadcast address to 
be lll1l11X. 


Automatic Address Recognition allows a host proces- 
sor to establish communication 
with an addressed 


slave, without all the other slave controllers having to 
respond to the transmission. The addressed slave then 
clears its SM2 bit to enable reception of data bytes (9th 
data bit = 0) from the host. 


The Given and Broadcast addresses allow each micro- 
controller to have its own (Given) address and a com- 
mon (Broadcast) address. A "host" on the serial chan- 
nel can selectively address single 83C51FA's using the 
Given Address or all 83C51FA's using the Broadcast 
Address. 


On reset, the SADDR and SADEN registers are initial- 
ized to ooH. This defines the Given and Broadcast ad- 
dresses to be XXXXXXXX (all don't-cares) for back- 
wards compatibility with the MCS-51 family. 


Another new feature of the Serial Port is Framing Er- 
ror Detection. This allows the receiving controller to 
check the stop bit in modes I, 2, or 3. A missing stop 
bit causes a Framing Error bit, FE, to be set. The FE 
bit can then be checked in software immediately after 
each reception to detect the lack of a valid stop bit. A 
missing stop bit can be caused, for example, by noise on 
the serial lines, or by two CPUs trying to transmit at 
the same time. 


The FE bit, once set, must be cleared in software. A 
valid stop bit does not cause the FE bit to be cleared. 


The FE bit resides in SCON, and has the same bit ad- 
dress as the SMObit. A new comrol bit in the PCON 
register determines if accesses to the SMOIFE bit ad- 
dress are to SMO or to FE. Th,~ new control bit in 
PCON is called SMODO, and resides at PCON.6 (Fig- 
ure 8). IfSMODO = 0, then a=ses 
to SCON.7 are to 
SMO.IfSMODO = I, then acces:leSto SCON.7 are to 
FE. 


Idle Mode is the same in the 83C5lFA 
as in the 


8OC5lBH. Note that the PCA can be programmed to 
either pause or continue operation.s during Idle. 


The Power Down Mode on the 8:1C5lFA differs from 
the 8OC5lBH in one respect: tht: 83C5lFA 
can exit 


Power Down with either a hardware Reset or an Exter- 
nal Interrupt. 
(The 8OC5lBH can only exit Power 
Down with a hardware Reset.) An exit with an Exter- 
nal Interrupt allows not only the on-chip RAM to be 
saved but also the Special Function Registers. 


The External Interrupt, 
INTO or INTI, 
must be en- 


abled and configured as level-sensltive to properly ter- 
minate Power Down. Also the intl~rrupt should not be 
executed before VCC is restored to its normal operating 
level, and must be held down long enough for the oscil- 
lator to restart and stabilize. Once the interrupt is serv- 


iced, the next instruction executed after RETI will be 
the one following the instruction that put the device in 
Power Down. 


A Power Off Flag, POF, has been added to the PCON 
register (Figure 8). This flag is set by hardware when 
VCC comes up, and can be set or cleared by software. 
This allows one to distinguish between a "cold start" 
reset and a "warm start" reset. 


A cold start reset is one that is coincident with VCC 
being turned on to the device after it was turned off. A 
warm start reset is one that occurs after the device has 
already been powered up and running. A warm start 
reset could be generated, for example, by a Watchdog 
Timer, or as an exit from Power Down Mode. 


To use the feature, one checks the POF bit in software 
immediately after reset. POF = 
I would indicate a 
cold start. The software then clears POF, and com- 
mences its tasks. POF = 0 immediately after reset 
would indicate a warm start. 


Timer 2 is a general purpose 
16-bit timer/counter 


which is present in the 8052 and in the 83C51FA. Tim- 
er 2 has the same functionality in both of these devices 
except that in the 8052 Timer 2 can only count up, and 
in the 83C5lFA Timer 2 can be programmed to count 
up or down. The option to count up or down becomes 
available when the Timer is configured to its 16-bit 
auto-reload mode. 


SMODO 
[. 
__ 
X 
P_O_F 
G_F_1 
G_F_0__ 
~ __ 
P_D_~ 
__ 
ID_L__ 


Address 
= 087H 


POF 
Power Off Flag. Set by hardware on the rising edge of Vcc. Set or cleared by software. This flag allows 
detection of a power failure caused reset. Vcc must remain above 3V to retain this bit. 
SMODO When set, Read/Write 
accesses to SCON.7 are to the FE bit. When clear, Read/Write 
accesses to 


SCON.7 are to the SMObit. 


SMODI 
Same as the SMOD bit in the MSC-51 architecture. The additional bits are defined to be compatible with 
the 8052 and 8OC5IBH. 


Figure 8. PCON: Power Control 
Register 
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~_x 
x__ r=~I__x 
x 
X 
X__ 
~_D_C_E_N__ 


When set, this bit allows Timer 2 to be configured as an up/down counter. 


Figure 9. T2MOD: Timer 2 Mode Control 
Register 


TRANSITION 


-LTECTION 


T2EX PIN------~LJJ 
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F2 


TIMER 2 
INTERRUPT 


EXF2 


The Special Function Register T2MOD (present in the 
83C5lFA 
but not in the 8052) contains a bit named 
DCEN (Down Counter Enable). T2MOD is shown in 
Figure 9. When this bit is clear (0), the Timer 2 Auto- 
Reload Mode in the 83C51FA is exactly the same as in 
the 8052. Figure 10 shows Timer 2 in Auto-Reload 
Mode with DCEN = O. 


When DCEN is set (I), the Timer 2 Auto-Reload Mode 
takes the form shown in Figure II. The T2EX pin now 
controls the direction of count. A logic I at T2EX 
makes Timer 2 count up. A logic 0 at T2EX makes 
Timer 2 count down. Also, the EXF2 bit toggles every 
time Timer 2 overflows or underflows. In this operating 
mode, the EXF2 bit does not flag an interrupt. 


:--a. r 
The 83C51FA implements a full 256 bytes of on-chip 
data RAM. As in the 8052, the upper 128 bytes occupy 
a parallel address space to the Special Function Regis- 
ters. That means they have the same addresses, but they 
are physically separate from SFR space. 


When an instruction accesses an internal location above 
address 7FH, the CPU knows whether the access is to 
the upper 128 bytes of data RAM or to SFR space by 
the addressing mode used in the instruction. Instruc- 
tions that use direct addressing access SFR space. For 
example, 


accesses the SFR at location OAOH(which is P2). In- 
structions that use indirect addfl:ssing access the upper 
128 bytes of data RAM. For example, 
MOY @RO,#data 


where ROcontains OAOH,accesses the data byte at ad- 
dress OAOH,rather than P2 (whose address is OAOH). 


Note that stack operations are examples of indirect ad- 
dressing, so the upper 128bytes of data RAM are avail- 
able as stack space. 


The 
83C51FA 
is Pin-for-Pin 
compatible 
with 
the 
8OC5IBH. Port I on the 83C51FA has 8052 functional- 
ity and additionally serves the peA as shown below. 


Port 
Name 
Function 
Pin 


P1.0 
T2 
External Count Input to Timer 2 
P1.1 
T2EX 
Timer 2 Capture/Reload 
Trigger 
P1.2 
ECI 
External Count Input to the PCA 
P1.3 
CEXO 
External 
I/O for Compare/Capture 
Module 0 
P1.4 
CEX1 
External 
I/O for Compare/Capture 
Module 
1 
P1.5 
CEX2 
External 
I/O for Compare/Capture 
Module 2 
P1.6 
CEX3 
External 
I/O for Compare/Capture 
Module 3 
P1.7 
CEX4 
External 
I/O for Compare/Capture 
Module 4 


P1.0/T2 
may be used as an external count input to 


Timer 2. 


Pl.l/T2EX 
can be used to trigger a capture if Timer 2 


is in the Capture Mode, or to trigger a reload if Timer 2 
is in the Auto-Reload Mode and DCEN is set to O. 
T2EX can also control the count direction if Timer 2 is 
in the Auto-Reload Mode and DCEN is set to 1. Final- 
ly, T2EX can be used as an external interrupt if Timer 
2 is being used as a baud-rate generator. 


PI.2/ECI 
takes the external signal to the PCA counter. 


The frequency of the external signal is limited to one 
eighth of the oscillator frequency or less. The PCA 
count is incremented every time the ECI pin makes a 
1-0 transition. 


PI.3 through PI.7/CEXn 
functions depend on the con- 


figuration 
of their corresponding 
Compare/Capture 


modules in the PCA. They can be configured to be a 
rising edge, falling edge, or an "either edge" trigger 
input to a Compare/Capture 
module. They can also be 


high speed outputs which toggle every time the PCA 
count matches the value in the corresponding Com- 
pare/Capture 
register. Finally, any of these pins can be 


configured as an 8-bit Pulse Width Modulated (pWM) 
output. In the PWM mode, the pin will be in the logical 
"0" state for a programmable length of time, and will 
be in the logical "I" 
state for the remainder of the 


PWM duty cycle. The PWM duty cycle is variable be- 
tween 11256 and 256/256. 


Detailed descriptions of the functions of the PCA pins 
can also be found in section 1.2, PCA feature descrip- 
tion. 


The 83C51FA provides 7 interrupt 
sources. Five of 


them (INTO/ and INTI/, 
Timer 0 and Timer I, and 


the Serial Port) are identical with those provided in the 
8OC51BH.The 83C51FA also provides a Timer 2 inter- 
rupt which is identical with the Timer 2 interrupt in the 
8052, and a PCA interrupt which is only found in the 
83C51FA. These interrupt sources are shown in Figure 
12. 
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Cf~ECf 


~:-----------D--------------- 


Tf2 
D 
EXf2----------- 
--------------- 


The Timer 2 interrupt is generated by the logical OR of 
TF2 and EXF2. Neither of these flags is cleared by 
hardware when the service routine is vectored to. In 
fact, the service routine may have to determine whether 
it was TF2 or EXF2 that generated the interrupt, and 
the bit will have to be cleared in software. 


The PCA interrupt is generated by the logical OR of 
CF, CCFO, CCFI, CCF2, CCF3, and CCF4. None of 
these flags is cleared by hardware when the service rou- 
tine is vectored to. In fact, normally the service routine 
will have to determine which bit flagged the interrupt 
and clear that bit \n software. 


All of the bits that generate interrupts can be set or 
cleared in software, with the same result as though it 
had been set or cleared by hardware. That is, interrupts 
can be generated or pending interrupts can be cancelled 
in software. 


Each of these interrupt sources can be individually en- 
abled or disabled by setting or clearing a bit in Special 
Function Register IE (Figure 13). Note that IE also 
contains a global disable bit, EA. If EA is set (I), the 
interrupts are individually enabled or disabled by their 
corresponding bits in IE. If EA is clear (0), all inter- 
rupts are disabled. 


inter 


ET1 
I 
EX1 
I__ 
E_TO_~_E_X_O_ 


Reset Value = OOOOOOOOB 


EA 
I 
EC 
L ET2 


Address 
= OA8H 


Symbol 
Position 
Function 


EA 
IE? 
Disables all interrupts. 
If EA = 0, all interrupts 
are disabled. 
If 


EA = 1, each interrupt 
can be individually 
enabled 
or disabled 


by setting or clearing 
its enable bit. 


EC 
IE6 
Enables or disables 
the PCA interrupt. 
EC = 1 enables 
it. 


EC = 0 disables 
it. 


ET2 
IE5 
Enables or disables the Timer 2 interrupt. 
ET2 = 1 enables 
it. 


ET2 = 0 disables 
it. 


ES 
lEA 
Enables or disables the Serial Port interrupt. 
ES = 1 enables 


it. ES = 0 disables 
it. 


ET1 
IE3 
Enables or disables the Timer 1 interrupt. 
ET1 = 1 enables 
it. 


ET1 = 0 disables 
it. 


EX1 
IE2 
Enables or disables 
External 
Interrupt 
1. EX1 = 1 enables 
it. 


EX1 = 0 disables 
it. 


ETO 
IE1 
Enables or disables the Timer 0 interrupt. 
ETO = 1 enables 
it. 


ETO = 0 disables 
it. 


EXO 
IEO 
Enables or disables 
External 
Interrupt 
O. EXO = 1 enables 
it. 


EXO = 0 disables 
it. 


Figure 
13. IE: Interrupt 
Enable 
Register 


PRIORITY 
LEVEL STRUICTURE 
priority interrupt can be interrupted by a high-priority 
interrupt, but not by another low-priority interrupt. A 
high-priority interrupt can't be interrupted by any oth- 
er interrupt source. 
Each interrupt source can be individually programmed 
to one of two priority levels by setting or clearing a bit 
in Special Function Register IP (Figure 14). A low- 


PPC 
C._P_T2__ 
~ __ 
P_S_~ 
__ PT_1__ 
1 
PX1 
PTO 


Address 
= OB8H 
Reset Value = XOOOOOOOB 


Symbol 
Position 
Function 
- 
IP.? 
Not implemented, 
reserved 
for future use.· 


PPC 
IP.6 
Defines the PCA interrupt 
priority level. PPC = 1 programs 
it 


to the high priority level. 


PT2 
IP.5 
Defines the Timer 2 interrupt 
priority level. PT2 = 1 programs 


it to the high priority level. 


PS 
IPA 
Defines the Serial Port interrupt 
priority level. PS = 1 


programs 
it to the high priority level. 


PT1 
IP.3 
Defines the Timer 1 interrupt 
priority level. PT1 = 1 programs 


it to the high priority level. 


PX1 
IP.2 
Defines the External 
Interrupt 
1 priority level. PX1 = 1 


programs 
it to the high priority level. 


PTO 
IP.1 
Defines the Timer 0 interrupt 
priority level. PTO = 1 programs 


it to the high priority level. 


PXO 
IP.O 
Defines the External 
Interrupt 
0 priority level. PXO = 1 


programs 
it to the high priority level. 


NOTE: 
·User software should not write 1s 10reserved bits. These bits may be used in future MCS-51 products to invoke new 
features. In that case, the reset or inactive value of the new bit will be 0, and its active value will be 1. The value read from a 
reserved bit is indeterminate. 
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If two interrupts of different priOIity levels are flagged 
simultaneously, the interrupt request of the higher pri- 
ority level is serviced. If interrupts of the same priority 
level are flagged simultaneously, an internal polling see 
quence determines which interrupt request is serviced. 
Thus within each priority level the,re is a second priori- 
ty structure determined by the following polling se· 
quence: 


SOURCE 


I.IEO 


2. TFO 
3. lEI 
4. TFI 
5.PCA 
6. RI+TI 
7. TF2+ EXF2 


PRIORITY WITHIN LEVEL 
(highest) 


Note that the "priority within levd" structure is only 
used to resolve simultaneous reque! ts of the same prior- 
ity level. 


LOCATION 
OF INTERRUPT 
SERVICE 
ROUTINES 


The Interrupt Control System acknowledges an inter- 
rupt 
request 
by 
executing 
a 
hardware-generated 


LCALL to the appropriate service routine. The hard- 
ware-generated LCALL pushes the contents of the Pro- 
gram Counter onto the stack (but it does not save the 
PSW) 
and 
reloads 
the 
PC 
with 
the 
starting 


location of the interrupt service routine as shown be- 
low. 


STARTING ADDRESS OF 


SERVICE ROUTINE 


lEO 
TFO 
lEI 
TFI 
RI+TI 
TF2+EXF2 
PCA 


0003H 
OOOBH 
OOI3H 
OOIBH 
0023H 
002BH 
0033H 


Execution proceeds from that location until the RETI 
instruction is encountered, which terminates the inter- 
rupt service routine. Note that the starting addresses of 
consecutive interrupt service routines are only 8 bytes 
apart. That means if consecutive interrupts are being 
used (IEO and TFO, for example, or TFO and lEI), and 
if the first interrupt routine is more than 7 bytes long, 
then that routine will have to execute a jump out to 
some other memory location where the service routine 
can be completed without overlapping the starting ad- 
dress of the next interrupt routine. 


Note that, although the polling position of the PCA- 
generated interrupt 
is higher than that of the Serial 


Port, the starting address of the Serial Port interrupt 
routine is unchanged from the 8051. This is for back- 
wards software compatibility. Similarly, the Timer 2 
interrupt starting address is compatible with the 8052. 
This allows conversion of 8052 (HMOS) designs to the 
83C5IFA (CHMOS) with no software modification. 
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User software should not write Is to these unimple- 
mented locations, since they may be used in future 
MCS-51 products to invoke new features. In that case 
the reset or inactive values of the new bits will always 
be 0, and their active values will be I. 


A map of the Special Function Register (SFR) space is 
shown in Table I. 


Note that not all of the addresses are occupied. Unoc- 
cupied addresses are not implemented on the chip. 
Read accesses to these addresses will in general return 
random data, and write accesses will have no effect. 


CH 
CCAPOH 
CCAP1H 
CCAP2H 
CCAP3H 
CCAP4H 
00000000 
XXXXXXXX 
XXXXXXXX 
XXXXXXXX 
XXXXXXXX 
xxxxxxxx 


oS 
00000000 


CL 
CCAPOL 
CCAP1L 
CCAP2L 
CCAP3L 
CCAP4L 
00000000 
XXXXXXXX 
XXXXXXXX 
XXXXXXXX 
XXXXXXXX 
XXXXXXXX 


°ACC 
00000000 


CCON 
CMOD 
CCAPMO 
CCAPM1 
CCAPM2 
CCAPM3 
CCAPM4 


OOXOOOOO OOXXXOOO 
)(0000000 XOOOOOOO 
XOOOOOOO 
XOOOOOOO 
XOOOOOOO 


°PSW 
00000000 


T2CON 
T2MOD 
RCAP2L 
RCAP2H 
TL2 
TH2 
00000000 XXXXXXXO 
00000000 
00000000 
00000000 
00000000 


°IP 
SADEN 


XOOOOOOO 
00000000 


°P3 
11111111 


OlE 
SADDR 


00000000 
00000000 


•P2 
11111111 


•SCON 
•SSUF 
00000000 xxxxxxxx 


°P1 
11111111 


•TCON 
°TMOD 
•TLO 
°TL1 
•THO 
•TH1 


00000000 
00000000 
00000000 
00000000 
00000000 
00000000 


•PO 
°SP 
•DPL 
°DPH 
'PCON •• 
11111111 
00000111 
00000000 
00000000 
OOXXOOOO 
• = Found 
in the 8051 core (See 8051 
Hardware 
Description 
for explanations 
of these 
SFRs) . 
•• = See description 
of peON 
SFH. Bit PCON.4 
is not affected 
by reset. 


X = Undefined. 


MCS®...51 Programmer's 
Guide 12 
and Instruction 
Set 
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MCS®,·51 PROGRAMMER'S 
GUIDE 
AIND INSTRUCTION 
SET 
Automotive 


The information presented in this chapter is collected from the previous MCS@·51 chapters of this book. The 
material has been selected and rearranged to form a quick and convenient reference for the programmers of the 
MCS-51. This guide pertains specifically to the 8051, 8052 and 8OC51. 


The following list should make it eusier to find a subject in this chapter. 
Memory Organization 
Program Memory..... 
12-2 


Data Memory. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 
12-3 


Direct and Indirect Address Alrea 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 
12-5 
Special Function Registers. . .. 
12-7 


Contents of SFRs after Power-On. . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 
12-8 
SFR Memory Map. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 
12-9 
Program Status Word (PSW). . . . . . . .. . .. . . . . .. . . . . . . . . . . . . . . . . . . .. . .. . . . . . . . . . . . . . .. . . . . . .. 
12-10 
Power Control Register (PCON). . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 
12-10 
Interrupts. . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 
12·11 
Interrupt Enable Register (IE) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 
12·11 


Assigning Priority Level. 
12·12 


Interrupt Priority Register. . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 
12·12 
Timer/Counter Control Register (TCON) 
12-13 
Timer/Counter Mode Control Register (TMOD) 
12-13 
Timer Set-Up. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 
12-14 


Timer/Counter O. . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . .. . . . . .. . . . . . . . .. . .. . . . . . . . . . . . . . . . . . . .. 
12-14 


Timer/Counter 1 . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 
12-15 
Timer/Counter 2 Control ReglstE!r(T2CON) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 
12-16 


Timer/Counter 2 Set-Up...................... 
.. 
12-17 


Serial Port Control Register. . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 
12-18 
Serial Port Set-Up. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 
12·18 
Generating Baud Rates................... 
12-18 


MCS-51 Instruction 
Set. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 
12-20 
Instruction Definitions. . . . . . . . . . . . . .. . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 
12-24 


inter 


The 8051 has separate address spaces for Program Memory and Data Memory. The Program Memory can be up to 
64K bytes long. The lower 4K (8K for the 8052) may reside on-chip. 


10K 


BYTES 


EXTERNAL 


14K 


BYTES 


EXTERNAL 


OFFFr-----~. 


4KBYTES 


INTERNAL 


ססoo '--------. 


inter 


541K 
BYTES 
EXTERNAL 
lI4K 
BYTES 
EXTERNAL 
1FFFr----J 
IKBYTES 
INTERNAL 
סס oo L... 
. 


The 8051 can address 
up to 64K byte, 
of Data 
Memory 
to the chip. The "MOYX" 
instruction 
is used to access the 
external 
data memory. 
(Refer to the MCS-51 
Instruction 
Set, in this chapter, 
for detailed 
description 
of instructions). 


The 8051 has 128 bytes of on-chip 
RAM 
(256 bytes in the 8052) plus a number 
of Special Function 
Registers 
(SFRs). 


The lower 
128 bytes of RAM 
can be accessed 
either by direct addressing 
(MOY data addr) 
or by indirect 
addressing 
(MOY 
@Ri). Figure 
3 shows the 8051 and the 8052 Data 
Memory 
organization. 


INTERNAL 


FF 
14K 
SFRa 
BYTES 
DIRECT 
EXTERNAL 
ADORESSINCI 


ONLY 


eo 
--AND 
• 
7F 


DIRECT' 
INDIRECT 


ADDRESSINCi 


00סס oo 


270249-3 


Figure 3a. The 8051 Data Memory 


FFFF 


\ 


INTERNAL 


INDIRECT 
FU--' 


eoH TO FFH 


"~ 
FF 
14K 
SFRa 
BYTES 
DIRECT 
EXTERNAL 
ADDRESSING 
ONLY 
--AND,,-, 
80 


7F 


DIRECT 
• 


INDIRECT 
ADDRESSINI] 


00סס oo 


270249-4 


Figure 3b. The 8052 Data Memory 


Note that in Figure 3b the SFRs and the indirect address RAM have the same addresses (80H-OFFH). 
Neverthe- 
less, they are two separate areas and are accessed in two different ways. 


MOY 
RO,# 80H 


MOY 
@RO,#QE.BH 


writes OBBH in location 80H of th,: data RAM. Thus, after execution of both of the above instructions Port 0 will 
contain OAAH and location 80 of lhe RAM will contain OBBH. 


The 128bytes of RAM which can be accessed by both direct and indirect addressing can be divided into 3 segments 
as listed below and shown in Figure 4. 


1. Register Banks 0-3: Locations 0 through IFH (32 bytes). ASM-51 and the device after reset default to register 
bank o. To use the other register banks the user must select them in the software (refer to the MCS-51 Micro 
Assembler User's Guide). Each register bank contains 8 one-byte registers, 0 through 7. 


Reset initializes the Stack Pointer to location 07H and it is incremented once to start from location 08H which is the 
fIrst register (RO) of the second register bank. Thus, in order to use more than one register bank, the SP should be 
intialized to a different location of the RAM where it is not used for data storage (ie, higher part of the RAM). 


2. Bit Addressable Area: 16 bytes have been assigned for this segment, 20H-2FH. Each one of the 128 bits of this 
segment can be directly addressed (0-7FH). 


The bits can be referred to in two ways both of which are acceptable by the ASM-5I. One way is to refer to their 
addresses, ie. 0 to 7FH. The other way is with reference to bytes 20H to 2FH. Thus, bits 0- 7 can also be referred to 
as bits 20.0-20.7, and bits 8-FH are the same as 21.0-21.7 and so on. 


3. Scratch Pad Area: Bytes 30H through 7FH are available to the user as data RAM. However, if the stack pointer 
has been initialized to this area, enough number of bytes should be left aside to prevent SP data destruction. 


I~ 


7F 


n 


SF 


87 
SCRATCH 
SF 
PAD 


57 
AREA 


4F 


47 


3F 


37 


... 
7F 
2F 
BIT 
AODRESSAB 
0 ... 
27 
SEGMENT 


3 
IF 


2 
17 
REGISTER 


1 
OF 
BANKS 


0 
07 
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Comparing Table I and Figure 5 shows that all of the SFRs that are byte and bit addressable are located on the first 
column of the diagram in Figure 5. 


Symbol 
Name 
Address 


'ACC 
Accumulator 
OEOH 


'B 
B Register 
OFOH 


'PSW 
Program Status Word 
ODOH 
SP 
. Stack Pointer 
81H 
DPTR 
Data Pointer 2 Bytes 
DPL 
Low Byte 
- 
82H 


DPH 
High Byte 
83H 


'PO 
Port 0 
80H 


'P1 
Port 1 
90H 
'P2 
Port 2 
OAOH 
'P3 
Port 3 
OBOH 


'IP 
Interrupt 
Priority Control 
OB8H 


'IE 
Interrupt 
Enable Control 
OA8H 


TMOD 
Timer/Counter 
Mode Control 
89H 
'TCON 
Timer/Counter 
Control 
88H 
'+ T2CON 
Timer/Counter 
2 Control 
OC8H 


THO 
Timer/Counter 
0 High Byte 
8CH 
TLO 
Timer/Counter 
0 Low Byte 
8AH 
TH1 
Timer/Counter 
1 High Byte 
8DH 
TL1 
Timer/Counter 
1 Low Byte 
8BH 
+TH2 
Timer/Counter 
2 High Byte 
OCDH 
+ TL2 
Timer/Counter 
2 Low Byte 
OCCH 
+ RCAP2H 
T/C 2 Capture Reg. High Byte 
OCBH 
+ RCAP2L 
T/C 2 Capture Reg. Low Byte 
OCAH 


'SCON 
Serial Control 
, 
98H 
SBUF 
Serial Data Buffer 
99H 


PCON 
Power Control 
87H 


, = Bit addressable 
+ = 8052 only 


Register 
Value In Binary 


'ACe 
00000000 
'S 
00000000 
'PSW 
00000000 
SP 
00000111 
DPTR 
DPH 
00000000 
DPL 
00000000 
'PO 
11111111 


'P1 
11111111 
'P2 
11111111 
'P3 
11111111 
'IP 
8051 XXXOOOOO, 
8052 XXOOOOOO 
'IE 
8051 OXXOOOOO, 
8052 OXOOOOOO 
TMOD 
00000000 
'TCON 
00000000 


'+ T2CON 
00000000 
THO 
00000000 
TLO 
00000000 
TH1 
00000000 
TL1 
00000000 


+TH~' 
00000000 


+TL2 
00000000 


+ RCAP2H 
00000000 


+ RCAP2L 
00000000 
'SCON 
00000000 
SSlIF 
Indeterminate 
PCON 
HMOS 
OXXXXXXX 
CHMOS 
OXXXOOOO 
x 
= Undefined 


, 
= Bit A'ddressable 


+ = 8052 only 
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B 


ACC 


PSW 


T2CON 
RCAP2L 
RCAP2H 
TL2 
TH2 


IP 


P3 


IE 


P2 


SCON 
SBUF 
P1 


TCON 
TMOD 
TLO 
TL1 
THO 
TH1 
PO 
SP 
DPL 
DPH 
PCON 
t 
Bit 
Addressable 
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Those SFRs that have their bits assigned 
for various 
functions 
are listed in this section. 
A brief description 
of each bit 
is provided 
for quick reference. 
For more detailed 
information 
refer to the Architecture 
Chapter 
of this book. 


PSW: PROGRAM 
STATUS 
WORD. 
BIT ADDRESSABLE. 


CY 
AC 
FO 
[RS1 
RSO 
ov 
0 


CY 


AC 


1'0 


RSI 


RSO 


OV 


PSW.7 


PSW.6 


PSW.5 


PSW.4 


PSW.3 


PSW.2 


PSW.l 
psw.o 


Carry 
Flag. 


Auxiliary 
Carry 
Flag. 


Flag 0 available 
to the user for general 
purpose. 


Register 
Bank selector 
bit 1 (SEE NOTE 
1). 


Register 
Bank 
selector 
bit 0 (SEE NOTE 
1). 


Overflow 
Flag. 


Not implemented, 
reserved 
for future 
use.' 


Parity 
flag. Set/cleared 
by hardware 
each instruction 
cycle to indicate 
an odd/even 
number 
of 
'I' bits in t:ne accumulator. 


NOTE: 
1. The value presented 
by RSO and RS1 selects the corresponding 
register bank. 


RS1 
RSO 
Register 
Bank 
Address 


0 
0 
0 
00H-07H 
0 
1 
1 
08H-OFH 
1 
0 
2 
10H-17H 
1 
1 
3 
18H-1FH 


'User 
software 
should not write 1s to reserved 
bits. These 
bits may be used in future MCS-51 products 
to invoke new 
features. 
In that case, the reset or inactive value of the new bit will be 0, and its active value will be 1. 


GFI 


GFO 


PD 


Double 
baud 
rate bit. If Timer 
1 is used to generate 
baud rate and SMOD 
= I, the baud 
rate is doubled 
when the Serial Port 
is u:;ed in modes 
I, 2, or 3. 


Not implemented, 
reserv(,d for future 
use.' 


Not implemented, 
reserv(:c! for future 
use.' 


Not implemented, 
reserv(:c! for future 
use.' 


General 
purpose 
flag bit. 


General 
purpose 
flag bit. 


Power 
Down 
bit. Setting 
this bit activates 
Power 
Down 
operation 
in the 
8OC5IBH. 
(Available 
only 
in 
CHMOS). 


Idle Mode bit. Setting 
thi1~bit activates 
Idle Mode operation 
in the 8OC5IBH. 
(Available 
only in CHMOS). 


If Is are written 
to PD and IDL 
at the same time, PD takes precedence. 


'User 
software 
should not write 1s to reserved 
bits. These 
bits may be used in future MCS-51 products 
to invoke new 
features. 
In that case, the reset or inactive value of the new bit will be 0, and its active value will be 1. 


inter 


In order to use any of the interrupts in the MCS-51, the following three steps must be taken. 
1. Set the EA (enable all) bit in tne IE register to 1. 
2. Set the corresponding individual interrupt enable bit in the IE register to 1. 
3. Begin the interrupt service routine at the corresponding Vector Address of that interrupt. See Table below. 


Interrupt 
Vector 
Source 
Address 


IEO 
0003H 
TFO 
OOOBH 
IE1 
0013H 
TF1 
001BH 
RI&TI 
0023H 
TF2 & EXF2 
002BH 


In addition, for external interrupts. pins INTO and INTI (P3.2 and P3.3) must be set to I, and depending on whether 
the interrupt is to be level or tran:;ition activated, bits ITO or ITI in the TCON register may need to be set to 1. 


EA 
~ 
ET2 eJD 
ET1 


ET2 


ES 
ETI 
EXI 
ETO 
EXO 


Disables all intt:rrupts. If EA = 0, no interrupt will be acknowledged. If EA = I, each interrupt 
source is individually enabled or disabled by setting or clearing its enable bit. 
Not implementtld, reserved for future use.' 
Enable or disable the Timer 2 overflow or capture interrupt (8052 only). 
Enable or disable the serial port interrupt. 
Enable or disable the Timer 1 overflow interrupt. 
Enable or disable External Interrupt 1. 
Enable or disable the Timer 0 overflow interrupt. 
Enable or disable External Interrupt O. 


IE.6 
IE.5 


lEA 
IE.3 
IE.2 
IE.I 
IE.O 


'User software should not write I:; to reserved bits. These bits may be used in future MCS-51 products to invoke 
new features. In that case, the reset or inactive value of the new bit will be 0, and its active value will be 1. 
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IEO 
TFO 
lEI 
TFI 
RI or TI 
TF2 or EXF2 


If the bit is 0, the corresponding interrupt has a lower priority and if the bit is I the corresponding interrupt has a 
higher priority. 


PT2 
~~ 
PT1 


IP. 7 Not implemented, reserved for future use.' 
IP. 6 Not implemented, reserved for future use.' 
PT2 
IP. 5 Defines the Timer 2 interrupt priority level (8052 only). 
PS 
IP. 4 Defines the Serial Port interrupt priority level. 


PTI 
IP. 3 Defines the Timer I interrupt priority level. 


PX liP. 
2 Defines External Interrupt I priority level. 


PTO 
IP. I Defines the Timer 0 interrupt priority level. 


PXO 
IP. 0 Defines the External Interrupt 0 priority level. 


'User software should not write Is to reserved bits. These bits may be used in future MCS-51 products to invoke 
new features. In that case, the reset or inactive value of the new bit will be 0, and its active value will be I. 
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TCON: TIMER/COUNTEI~ CONTROL 
REGISTER. 
BIT ADDRESSABLE. 


TF1 
TR1 
TFO 
[TRO 
IE1 
IT1 
IEO 
ITO 


TFI 
TCON.7 
Timer I overflowflag. Set by hardware when the Timer/Counter I overflows. Cleared by hard- 
ware as proce!,sorvectors to the interrupt service routine. 
TRI 
TCON. 6 Timer I run D)ntrol bit. Set/cleared by software to turn Timer/Counter ION/OFF. 


TFO 
TCON.5 
Timer 0 overflow flag. Set by hardware when the Timer/Counter 0 overflows.Cleared by hard- 
ware as processor vectors to the service routine. 
TRO 
TCON.4 
Timer 0 run wntrol bit. Set/cleared by software to turn Timer/Counter 0 ON/OFF. 
lEI 
TCON.3 
External Interrupt I edge flag. Set by hardware when External Interrupt edge is detected. 
Cleared by hardware when interrupt is processed. 
ITl 
TCON.2 
Interrupt I type control bit. Set/cleared by software to specify falling edge/low level triggered 
External Interrupt. 
IEO 
TCON. I External Inten"Upt0 edge flag. Set by hardware when External Interrupt edge detected. Cleared 
by hardware when interrupt is processed. 
ITO 
TCON.O Interrupt 0 type control bit. Set/cleared by software to specify falling edge/low level triggered 
External Interrupt. 


TMOD: TIMER/COUNTEB 
MODE CONTROL 
REGISTER. 
NOT BIT 
ADDRESSABLE. 


1''_G_A_T_E 
__ 
c_/_f_-----M=1=-:::-[~,~,,-G-A-T-E--C-/-f 
__ 
M_1_ 
MO 
I 
) 


TIMER I 
TIMER 0 
GATE 
When TRx (in TCON) is:set and GATE = I, TIMER/COUNTERx will run only while INTx pin is high 
(hardware control). When GATE = 0, TIMER/COUNTERx 
will run only while TRx = I (software 
control). 


cif 
Timer or Counter selector. Cleared for Timer operation (input from internal system clock). Set for Coun- 
ter operation (input from Tx input pin). 
MI 
Mode selector bit. (NOTE I) 
MO 
Mode selector bit. (NOTE I) 


NOTE 
1: 


Operating 
Mode 
o 
13-bit Timer (MCS-48 compatible) 
1 
16-bit Timer/Counter 
2 
8-bit Auto-Reload Timer/Counter 
3 
(Timer 0) TLO is an 8-bit Timer/Counter 
controlled by the standard Timer 0 
contro bits. THO is an 8·bit Timer and is controlled by Timer 1 control bits. 
3 
(Timer 1) Timer/Counter 
1 stopped. 


inter 


It is assumed that only one timer is being used at a time. If it is desired to run Timers 0 and 1 simultaneously, in any 
mode, the value in TMOD for Timer 0 must be ORed with the value shown for Timer 1 (Tables 5 and 6). 


For example, ifit is desired to run Timer 0 in mode I GATE (external control), and Timer I in mode 2 COUNTER, 
then the value that must be loaded into TMOD is 69H (09H from Table 3 ORed with 60H from Table 6). 


Moreover, it is assumed that the user, at this point, is not ready to turn the timers on and will do that at a different 
point in the program by setting bit TRx (in TCON) to 1. 


TMOD 


MODE 
TIMER 0 
INTERNAL 
EXTERNAL 
FUNCTION 
CONTROL 
CONTROL 
(NOTE 1) 
(NOTE 2) 


0 
13-bit Timer 
OOH 
08H 
1 
16-bit Timer 
01H 
09H 
2 
8-bit Auto-Rel<Jad 
02H 
OAH 
3 
two 8-bit TimHrs 
03H 
OSH 


TMOD 


MODE 
COUNTER\) 
INTERNAL 
EXTERNAL 
FUNCTION 
CONTROL 
CONTROL 
(NOTE 1) 
(NOTE 2) 


0 
13-bit Timer 
04H 
OCH 


1 
16-bit Timer 
05H 
OOH 


2 
8-bit Auto-Reload 
06H 
OEH 


3 
one 8-bit Counter 
07H 
OFH 


NOTES: 
1. The Timeris turned ON/OFF by selting/clearing bitTROin the software. 
2. The Timer is turned ON/OFF by t~e 1 to 0 transition on INTO(P3.2) when TRO = 1 
(hardwarecontrol). 
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TMOD 


MODE 
TIMER 
1 
INTERNAL 
EXTERNAL 
FUNCTIOIN 
CONTROL 
CONTROL 
(NOTE 1) 
(NOTE 2) 


0 
13-bit Timor 
OOH 
80H 
1 
16-bit Timor 
10H 
90H 
2 
8·bit Auto-Re 
oad 
20H 
AOH 
3 
does not run 
30H 
SOH 


TMOD 


MODE 
COUNTER 
1 
INTERNAL 
EXTERNAL 
FUNCTIO~I 
CONTROL 
CONTROL 
(NOTE 1) 
(NOTE 2) 


0 
13-bit Time r 
40H 
COH 
1 
16-bit Time' 
SOH 
DOH 
2 
8-bit Auto-Reload 
60H 
EOH 
3 
not availabh~ 
- 
- 


NOTES: 
1. The Timer 
is turned 
ON/OFF 
by setting/clearing 
bit TR1 in the software. 


2. The Timer 
is turned 
ON/OFF 
by the 
1 to 0 transition 
on INT1 
(P3.3) 
when 
TR1 
= 
1 
(hardware 
control). 


8052 Only 
[§J 


TF2 


TR2 
C/T2 


EXF2 I RCLK ~~ 
EXEN2 
~ 
C/f2 
I 
cPIIlli 
I 


T2CON. 7 Timer 2 overflow flag set by hardware and cleared by software. TF2 cannot be set when 
either RCLK = I or CLK = I 
T2CON. 6 Timer 2 external flag set when either a capture or reload is caused by a negative transition on 
TIEX, and EXEN2 = 1. When Timer 2 interrupt is enabled, EXF2 = I will cause the CPU 
to vector to the Timer 2 interrupt routine. EXF2 must be cleared by software. 


TICON. 5 Receive clock flag. When set, causes the Serial Port to use Timer 2 overflow pulses for its 


receive cloc;kin modes I & 3. RCLK = 0 causes Timer I overflow to be used for the receive 
clock. 


T2CON. 4 Transmit c:lockflag. When set, causes the Serial Port to use Timer 2 overflow pulses for its 
transmit clock in modes I & 3. TCLK 
= 0 causes Timer I overflows to be used for the 
transmit clock. 
T2CON. 3 Timer 2 external enable flag. When set, allows a capture or reload to occur as a result of 
negative transition 
on TIEX 
if Timer 2 is not being used to clock the Serial Port. 


EXEN2 = 0 causes Timer 2 to ignore events at T2EX. 
T2CON.2 
Software START/STOP 
control for Timer 2. A logic I starts the Timer. 
T2CON. I Timer or Counter select. 


o = Internal Timer. I = External Event Counter (falling edge triggered). 
CP/RL2 
T2CON.O 
Capture/Rdoad 
flag. When set, captures will occur on negative transitions at T2EX if 
EXEN2 
= 1. When cleared, Auto-Reloads will occur either with Timer 2 overflows or 
negative tra.nsitions at T2EX when EXEN2 = 1. When either RCLK = I or TCLK = I, 
this bit is ignored and the Timer is forced to Auto-Reload on Timer 2 overflow. 
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Except for the baud rate generator mode, the values given for T2CON do not include the setting of the TR2 bit. 
Therefore, bit TR2 must be set, separately, to turn the Timer on. 


T2CON 


MODE 
INTERNAL 
EXTERNAL 
CONTROL 
CONTROL 
(NOTE 1) 
(NOTE 2) 


16-bit Auto-Reload 
OOH 
08H 


16-bit Capture 
01H 
09H 


BAUD rate generator 
receive .l. 
transmit 
same baud rate 
34H 
36H 


receive only 
24H 
26H 


transmit 
only 
14H 
16H 


TMOD 


MODE 
INTERNAL 
EXTERNAL 
CONTROL 
CONTROL 
(NOTE 1) 
(NOTE 2) 


16-bit Auto-Reload 
02H 
OAH 


16-bit Capture 
03H 
OBH 


NOTES: 
1. Capture/Reload occurs only on Timor/Counter overflow. 
2. Capture/Reload occurs on Timer/Counter overflow and a 1 to 0 transition on T2EX 
(P1.1) pin except when Timer 2 is used in the baud rate generating mode. 


SCON: SERIAL 
PORT CONTROL 
REGISTER. 
BIT ADDRESSABLE. 


SMO 
SM1 
SM2 
] 
REN 
TB8 
RB8 
~ 


SMO 
SCON. 
7 Serial Port 
mode specifier. 
(NOTE 
I). 


SMI 
SCON. 
6 Serial Port 
mode specifier. 
(NOTE 
I). 


SM2 
SCON. 
5 Enables 
the multiprocessor 
communication 
feature 
in modes 2 & 3. In mode 2 or 3, if SM2 is set 


to I then RI will not be activated 
if the received 
9th data bit (RB8) is O. In mode 
I, if SM2 = I 
then RI will not be activated 
if a valid stop bit was not received. 
In mode 0, SM2 should 
be O. 


(See Table 
9). 


REN 
SCON.4 
Set/Cleared 
by software 
to EnablelDisable 
reception. 


TB8 
SCON.3 
The 9th bit that will be transmitted 
in modes 
2 & 3. Set/Cleared 
by software. 


RB8 
SCON.2 
In modes 2 & 3, is the 9th data bit that was received. 
In mode 
I, ifSM2 
= 0, RB8 is the stop bit 
that was received. 
In mode 0, RB8 is not used. 


TI 
SCON. 
I Transmit 
int(,rrupt 
flag. Set by hardware 
at the end of the 
8th bit time in mode 
0, or at the 
beginning 
of l:he stop bit in the other 
modes. 
Must 
be cleared 
by software. 


RI 
SCON. 0 Receive 
inter:rupt 
flag. Set by hardware 
at the end of the 8th bit time in mode 
0, or halfway 
through 
the stop bit time in the other 
modes 
(except 
see SM2). Must be cleared 
by software. 


SMO 


o 
o 
1 


SM1 
ModE! 
Description 
Baud Rate 


0 
0 
SHIFT REGISTER 
Fosc./12 


1 
1 
8-Bit UART 
Variable 


0 
2 
9-Bit UART 
Fosc./64 
OR 
Fosc./32 
3 
9-Bit UART 
Variable 


MODE 
SCON 
SM2 VARIATION 


0 
10H 
Single Processor 
1 
SOH 
2 
90H 
Environment 


3 
DOH 
(SM2 = 0) 


0 
NA 
Multiprocessor 
1 
. 
70H 


2 
BOH 
Environment 


3 
FOH 
(SM2 = 1) 


Mode 0 has a fixed baud rate whil:h is 1/12 of the oscillator 
frequency. 
To run the serial port in this mode none of 
the Timer/Counters 
need to be selt up. Only the SCON 
register 
needs to be defined. 


Osc Freq 
Baud Rate 
= --- 
12 


Mode 
I has a variable 
baud 
rate. The baud 
rate can be generated 
by either 
Timer 
I or Timer 
2 (8052 only). 
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Kx OscillatorFreq. 
Baud Rate = 32 x 12x [256 - (TH1)] 


If SMOD = 0, then K = 1. 
If SMOD = I, then K = 2. (SMOD is the PCON register). 


Most of the time the user knows th,ebaud rate and needs to know the reload value for THI. 
Therefore, the equation to calculate THI can be written as: 


TH1 = 256 _ 
Kx Osc Freq. 
384 x baud rate 


THI must be an integer value. Rounding off THI to the nearest integer may not produce the desired baud rate. In 
this case, the user may have to choose another crystal frequency. 


Since the PCON register is not bit addressable, one way to set the bit is logical ORing the PCON register. (ie, ORL 
PCON,#80H). 
The address of PCON is 87H. 


For this purpose, Timer 2 must be used in the baud rate generating mode. Refer to Timer 2 Setup Table in this 
chapter. If Timer 2 is being clocked through pin T2 (PI.O) the baud rate is: 


Timer2 OverflowRate 
BaudRate = 
16 


Osc Freq 
BaudRate = 32 x [65536 - (RCAP2H,RCAP2L)] 


F:CAP2H,RCAP2L= 65536 _ 
Osc Freq 
32 x BaudRate 


The baud rate is fixed in this mode and is 1/32 or 1/.4 of the oscillator frequency depending on the value of the SMOD 
bit in the PCON register. 
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Oscillator 
Byte 
Period 
Interrupt 
Response 
Time: 
Ref'lr 
to Hardware 
De- 
scription 
Chapter. 


Instructions that Affect Flag Settings(lj 


Instruction 
Flag 
Instruction 
Flag 
C 
OV 
AC 
C 
OV 
AC 
ADD 
X 
X 
X 
CLR C 
0 
ADDC 
X 
X 
X 
CPL C 
X 
SUBB 
X 
X 
X 
ANLC,bit 
X 
MUL 
0 
X 
ANL C,/bit 
X 
DIV 
0 
X 
ORL C,bit 
X 
DA 
X 
ORL C,bit 
X 
RRC 
X 
MOVC,bit 
X 
RLC 
X 
CJNE 
X 
SETBC 
1 


(I)Note 
that operations 
on SFR byte address 
208 or 
bit addresses 
209-215 
(i.e., the PSW or bits in the 
PSW) will also affect flag settings. 


Note on instruction 
set and addressing 
modes: 
Rn 
- 
Register 
R 7- RO of the 
currently 
se- 
lected 
Register 
Bank. 
direct 
- 
8-bit 
internal 
data 
location's 
address. 


This could be an Internal 
Data 
RAM 
location 
(0-127) 
or a SFR 
[i.e., I/O 
port, 
control 
regi!ter, 
status 
register, 
etc. (128-255»). 


@Ri 
- 
8-bit internal 
data 
RAM 
location 
(0- 
255) addressed 
indirectly 
through 
reg- 
ister RI or RO. 


# data 
- 
8-bit constant 
included 
in instruction. 
#data 
16 - 
16-bit constant 
included 
in instruction. 


addr 
16 
- 
16-bit 
destination 
address. 
Used 
by 
LCALL 
& UMP, 
A branch 
can 
be 
anywhere 
within 
the 
64K-byte 
Pro- 
gram 
Memory 
address 
space. 
addr 
II 
- 
II-bit 
destination 
address. 
Used 
by 
ACALL 
& AJMP. 
The branch 
will be 
within 
the same 21C-byte page of pro- 
gram 
memory 
as the first byte of the 
following 
instruction. 
rei 
- 
Signed (two's 
complement) 
8-bit offset 
byte. Used by SJM:P and all condition- 
al jumps. 
Range 
lS 
-128 
to + 127 
bytes 
relative 
to first 
byte 
of the 
fol- 
lowing instruction. 
bit 
- 
Direct 
Addressed 
bit in Internal 
Data 
RAM 
or Special Function 
Register. 
- 
New 
operation 
110t 
provided 
by 
8048AH/8049 
AH. 


ARITHMETICOPERATIONS 
ADD 
A,Rn 
Add register to 
Accumulator 
ADD 
A,direct 
Add direct byte to 
Accumulator 
Add indirect RAM 
to Accumulator 
ADD 
A,#data 
Add immediate 
data to 
Accumulator 
Add register to 
Accumulator 
with Carry 
ADDC 
A,direct 
Add direct byte to 
Accumulator 
with Carry 
Add indirect 
RAMto 
Accumulator 
with Carry 
ADDC 
A,#data 
Add immediate 
data to Ace 
with Carry 
Subtract Register 
from Ace with 
borrow 
SUBB 
A,direct 
Subtract direct 
byte from Ace 
with borrow 
Subtract indirect 
RAMfromACC 
with borrow 
SUBB 
A,#data 
Subtract 
immediate data 
from Ace with 
borrow 
Increment 
Accumulator 
Increment register 
Increment direct 
byte 
Increment direct 
RAM 
Decrement 
Accumulator 
Decrement 
Register 
Decrement direct 
byte 
Decrement 
indirect RAM 


All mnemonics 
copyrighted 
@Intel Corporation 1980 


Rn 
direct 


inter 


Table ~o.8051 Instruction 
Set Summary 
(Continued) 
r---------------------, 
r---------------------, 


Mnemonic 
Description 
Byte 
Oscillator 
Mnemonic 
Description 
Byte 
Oscillator 
Period 
Period 


ARITHMETIC 
OPERATIONS 
(Continu<3d) 
LOGICAL 
OPERATIONS 
(Continued) 
INC 
DPTR 
Increment 
Data 
24 
RL 
A 
Rotate 
12 
Pointer 
Accumulator 
Left 
MUL 
AB 
Multiply 
A & B 
48 
RLC 
A 
Rotate 
12 
DIV 
AB 
DivideAby 
B 
48 
Accumulator 
Left 
DA 
A 
Decimal 
Adjust 
12 
through 
the Carry 
Accumulator 
RR 
A 
Rotate 
12 
!..OGICAL OPERATIONS 
Accumulator 
ANL 
A,Rn 
AND Register 
to 
12 
Right 
Accumulator 
RRC 
A 
Rotate 
12 
ANL 
A,direct 
AND direct byte 
2 
12 
Accumulator 
to Accumulator 
Right through 
ANL 
A,@Ri 
AND indirect 
12 
the Carry 
RAM to 
SWAP 
A 
Swap nibbles 
12 
Accumulator 
within the 
ANL 
A,#data 
AND immediate 
2 
12 
Accumulator 
data to 
DATA TRANSFER 
Accumulator 
MOV 
A,Rn 
Move 
12 
ANL 
direct,A 
AND Accumulator 
2 
12 
register 
to 
to direct byte 
Accumulator 
ANL 
direct, # data 
AND immediate 
3 
24 
MOV 
A,direct 
Move direct 
2 
12 
data to direct bytE 
byte to 
ORL 
A,Rn 
OR register 
to 
12 
Accumulator 
Accumulator 
MOV 
A,@Ri 
Move indirect 
12 
ORL 
A,direct 
OR direct byte to 
2 
12 
RAM to 
Accumulator 
Accumulator 
ORL 
A,@Ri 
OR indirect 
RAM 
12 
MOV 
A,#data 
Move 
2 
12 
to Accumulator 
immediate 
ORL 
A,#data 
OR immediate 
2 
12 
data to 
data to 
Accumulator 
Accumulator 
MOV 
Rn,A 
Move 
12 
ORL 
direct,A 
OR Accumulator 
2 
12 
Accumulator 
to direct byte 
to register 
ORL 
direct, # data 
OR immediate 
3 
24 
MOV 
Rn,direct 
Move direct 
2 
24 
data to direct byte 
byte to 
XRL 
A,Rn 
Exclusive-OR 
12 
register 
register to 
MOV 
Rn,#data 
Move 
2 
12 
Accumulator 
immediate 
data 
XRL 
A,direct 
Exclusive-OR 
2 
12 
to register 
direct byte to 
MOV 
direct,A 
Move 
2 
12 
Accumulator 
Accumulator 
XRL 
A,@Ri 
Exclusive-OR 
12 
to direct byte 
indirect 
RAM to 
MOV 
direct,Rn 
Move register 
2 
24 
Accumulator 
to direct byte 
XRL 
A,#data 
Exclusive-OR 
2 
12 
MOV 
direct, direct 
Move direct 
3 
24 
immediate 
data to 
byte to direct 
Accumulator 
MOV 
direct,@Ri 
Move indirect 
2 
24 
XRL 
direct,A 
Exclusive-OR 
2 
12 
RAM to 
Accumulator 
to 
direct byte 
direct byte 
MOV 
direct, # data 
Move 
3 
24 
XRL 
direct, # data 
Exclusive-OR 
3 
24 
immediate 
data 
immediate 
data 
to direct byte 
to direct byte 
MOV 
@Ri,A 
Move 
12 
CLR 
A 
Clear 
12 
Accumulator 
to 
Accumulator 
indirect 
RAM 
CPL 
A 
Complement 
12 
All mnemonics 
copyrighted 
@Intel 
Corporation 
1980 
Accumulator 
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Tallie 
10.8051 
Instruction 
Set 
summary 
(vontlnued) 


Mnemonic 
Description 
Byte 
Oscillator 
Mnemonic 
Description 
Byte 
Oscillator 


Period 
Period 


DATA TRANSFER 
(Continued) 
BOOLEAN 
VARIABLE 
MANIPULATION 


MOV 
@Ri,direct 
Movedimct 
2 
24 
CLR 
C 
Clear Carry 
1 
12 


byte to 
CLR 
bit 
Clear direct bit 
2 
12 


indirect 
F:AM 
SETB 
C 
Set Carry 
1 
12 


MOV 
@Ri,#data 
Move 
2 
12 
SETB 
bit 
Set direct bit 
2 
12 


immediate 
CPL 
C 
Complement 
1 
12 


data to 
Carry 
indirect 
FlAM 
CPL 
bit 
Complement 
2 
12 
MOV 
DPTR,#data16 
Load Data 
3 
24 
direct bit 
Pointer with a 
ANL 
C,bit 
AND direct bit 
2 
24 
16-bit constant 
to CARRY 
MOVC 
A,@A+DPTR 
Move Code 
24 
ANL 
C,/bit 
AND complement 
2 
24 
byte rei alive to 
of direct bit 
DPTRto 
Acc 
to Carry 
MOVC 
A,@A+PC 
Move Code 
24 
ORL 
C,bit 
OR direct bit 
2 
24 
byte rei alive to 
to Carry 
PC to Ace; 
ORL 
C,/bit 
OR complement 
2 
24 
MOVX 
A,@Ri 
Move 
24 
of direct bit 
External 
to Carry 
RAM (8-bit 
MOV 
C,bit 
Move direct bit 
2 
12 
addr) to Acc 
to Carry 
MOVX 
A,@DPTR 
Move 
24 
MOV 
bit,C 
Move Carry to 
2 
24 
External 
direct bit 
RAM (16··bit 
JC 
rei 
Jump if Carry 
2 
24 
addr) to Acc 
is set 
MOVX 
@Ri,A 
Move Ac,: to 
24 
JNC 
rei 
Jump if Carry 
2 
24 
Externall'lAM 
not set 
(8-bit adc r) 
JB 
bit,rel 
Jump if direct 
3 
24 
MOVX 
@DPTR,A 
Move Ac,: to 
24 
Bit is set 
Externall'lAM 
JNB 
bit,rel 
Jump if direct 
3 
24 
(16-bit acdr) 
Bit is Not set 
PUSH 
direct 
Push direct 
2 
24 
JBC 
bit,rel 
Jump if direct 
3 
24 
byte onto 
Bit is set & 
stack 
clear bit 
POP 
direct 
Pop direct 
2 
24 
PROGRAM 
BRANCHING 
byte frolT 
ACALL 
addr11 
Absolute 
2 
24 
stack 
Subroutine 
XCH 
A,Rn 
Exchanglj 
12 
Call 
register with 
LCALL 
addr16 
Long 
3 
24 
Accumulator 
Subroutine 
XCH 
A,direct 
Exchango 
2 
12 
Call 
direct byte 
RET 
Return from 
24 
with 
Subroutine 
Accumulator 
RETI 
Return from 
24 
XCH 
A,@Ri 
Exchango 
12 
interrupt 
indirect 
RAM 
AJMP 
addr11 
Absolute 
2 
24 
with 
Jump 
Accumulator 
LJMP 
addr16 
Long Jump 
3 
24 
XCHD 
A,@Ri 
Exchango 
low- 
12 
SJMP 
rei 
Short Jump 
2 
24 
order Digit 
(relative 
addr) 
indirect 
RAM 
All mnemonics 
copyrighted 
@Intel 
Corporation 
1980 
withAcc 


inter 


Table 
10. 8051 Instruction 
Set Summary 
(Continued) 
,-----------------------, 
r---------------------, 


Byt 
Oscillator 
Mnemonic 
0 
I tl 
Byt 
Oscillator 
e 
Period 
escr p on 
e 
Period 
f---------------------l 


PROGRAM BRANCHING (Continued) 
JMP 
@A+DPTR 
Jump indirect 
24 
relative to the 
DPTR 
JZ 
rei 
Jump if 
2 
24 
Accumulator 
is Zero 


JNZ 
rei 
Jump if 
2 
24 
Accumulator 
is Not Zero 


CJNE 
A,direct,rel 
Compare 
3 
24 
direct byte to 
Acc and Jump 
if Not Equal 


CJNE 
A,# data,rel 
Compare 
3 
24 


immediate to 
Acc and Jump 
ilNot Equal 


PROGRAM BRANCHING (Continued) 
CJNE 
Rn,#data,rel 
Compare 
3 
24 
immediate to 
register and 
Jump il Not 
Equal 
CJNE 
@Ri,#data,rel 
Compare 
3 
24 


immediate to 
indirect and 
Jump il Not 
Equal 
DJNZ 
Rn,rel 
Decrement 
2 
24 


register and 
Jump ilNot 
Zero 
DJNZ 
direct,rel 
Decrement 
3 
24 


direct byte 
and Jump il 
Not Zero 
NOP 
No Operation 
1 
12 


All mnemonics copyrighted @Intel Corporation 1980 


inter 


Description: 
ACALL 
unconditionally 
calls a subroutine 
located 
at the indicated 
address. 
The instruction 
increments 
the PC twice to obtain 
the address 
of the following 
instruction, 
then 
pushes 
the 
16-bit result onto the stack (low-order 
byte first) and increments 
the Stack Pointer 
twice. The 


destination 
address 
is obtained 
by successively 
concatenating 
the five high-order 
bits of the 
incremented 
PC, opcode bits 7-5, and the second byte of the instruction. 
The subroutine 
called 


must therefiJre 
start within 
the same 2K block of the program 
memory 
as the first byte of the 
instruction 
following 
ACALL. 
No flags are affected. 


Example: 
Initially 
SP equals 07H. The label "SUBRTN" 
is at program 
memory 
location 
0345 H. After 
executing 
the instruction, 


at location 
Ol23H, 
SP will contain 
09H, 
internal 
RAM 
locations 
08H and 09H will contain 
25H and OIH, respectively, 
and the PC will contain 
0345H. 


Bytes: 
2 


Cycles: 
2 


Encoding: 
I a10 
a9 
a~ 
000 
1 I 


Operation: 
ACALL 
(PC) +- (PC) + 2 
(SP) +- (SF') + I 
«SP)) +- (I'C 7-0) 
(SP) +- (SF') + I 
«SP)) +- (PCIS-S) 
(PC 10-0) +- page address 


I a7 
as 
a5 
a4 
I a3 
a2 
a1 
aO I 


inter 


Function: 


Description: 
ADD adds thll byte variable indicated to the Accumulator, leaving the result in the Accumula- 
tor. The carry and auxiliary-carry flags are set, respectively, if there is a carry-out from bit 7 or 
bit 3, and cleared otherwise. When adding unsigned integers, the carry flag indicates an 
overflow occured. 


OV is set ifthllre is a carry-out of bit 6 but not out of bit 7, or a carry-out of bit 7 but not bit 6; 
otherwise OV is cleared. When adding signed integers, OV indicates a negative number pro- 
duced as the !,um of two positive operands, or a positive sum from two negative operands. 


Four source operand addressing modes are allowed: register, direct, register-indirect, or imme- 
diate. 


Example: 
The Accumulator holds OC3H (I 1ססoo1IB) and register 0 holds OAAH (101010lOB). The 
instruction, 


wi1l1eave6DH (01101101B) in the Accumulator with the AC flag cleared and both the carry 
flag and OV set to 1. 


ADD 
A,Rn 


Bytes: 


Cycles: 


Encoding: 
100 
10[~ 


Operation: 
ADD 
(A) .- 
(A) + (Rn) 


ADD 
A,dlrect 


Bytes: 
2 


Cycles: 


Encoding: 
I 0 0 1 0 [0 1 0 1 I 


Operation: 
ADD 
(A) .- 
(A) + (direct) 


I direct address 
I 


Bytes: 


Cycles: 


ADD 
A,#data 


Bytes: 
2 


Cycles: 


ADD 
(A) .- 
(A) + «Rj}) 


100 
1 0 ] 
0 1 001 
I immediate 
data I 


ADD 
(A)'- 
(A) + #data 


Function: 


Description: 


Add with Carry 


ADDC simultaneously adds the byte variable indicated, the carry flag and the Accumulator 
contents, leaving the result in the Accumulator. The carry and auxiliary-carry flags are set, 
respectively, if there is a carry-out from bit 7 or bit 3, and cleared otherwise. When adding 
unsigned integers, the carry flag indicates an overflow occured. 


OV is set if there is a carry-out of bit 6 but not out of bit 7, or a carry-out of bit 7 but not out of 
bit 6; otherwise OV is cleared. When adding signed integers, OV indicates a negative number 
produced as the sum of two positive operands or a positive sum from two negative operands. 


Four source operand addressing modes are allowed: register, direct, register-indirect, or imme- 
diate. 


The Accumulator holds OC3H (1IOOOOIIB)and register 0 holds OAAH (101010lOB) with the 
carry flag set. The instruction, 


will leave 6EH (011011lOB) in the Accumulator with AC cleared and both the Carry flag and 
OV set to I. 


inter 


ADDC 
A,Rn 


Bytes: 


Cycles: 


Encoding: 
10011 
[~ 


Operation: 
ADDC 
(A) - 
(A) + (C) + (RrJ 


ADDC 
A,dlrect 


Bytes: 
2 


Cycles: 


Encoding: 
10011 
[0 
1 0 1 I 
direct address I 


Operation: 
ADDC 
(A) - 
(A) + (C) + (direct) 


ADDC 
A,@Ri 


Bytes: 


Cycles: 


Encoding: 
10011 
[) 
1 1 i I 


Operation: 
ADDC 
(A) - 
(A) + (C) + «Rj» 


ADDC 
A,#data 


Bytes: 
2 


Cycles: 


Encoding: 
I 0 0 1 1 G> 
1 00 
I 
immediate data I 


Operation: 
ADDC 
(A) - 
(A) + (C) + #data 


Function: 


Description: 


Bytes: 
2 


Cycles: 
2 


Absolute Jump 


AJMP transfers program execution to the indicated address, which is formed at run-time by 
concatenating the high-order five bits of the PC (after incrementing the PC twice), opcode bits 
7-5, and tl.e second byte of the instruction. The destination must therefore be within the same 
2K block of program memory as the first byte of the instruction following AJMP. 


The label "JMPADR" 
is at program memory location 0123H. The instruction, 


I a10 a9 ~ 
0 0 0 1 I 


AJMP 
(PC) +- (PC) + 2 
(pC 10-0)~- page address 


I a7 a6 as a4 I a3 a2 a1 aO I 


Function: 


Description: 


Logical-AND for byte variables 


ANL performs the bitwise logical-AND operation between the variables indicated and stores 
the results in the destination variable. No flags are affected. 


The two operands allow six addressing mode combinations. When the destination is the Accu- 
mulator, the source can use register, direct, register-indirect, or immediate addressing; when 
the destination is a direct address, the source can be the Accumulator or immediate data. 


Note: When this instruction is used to modify an output port, the value used as the original 
port data will be read from the output data latch, not the input pins. 


If the Accumulator holds OC3H (I 1סס oo1IB) and register 0 holds 55H (OlOlO101B)then the 
instruction, 


When the destination is a directly addressed byte, this instruction will clear combinations of 
bits in any RAM location or hardware register. The mask byte determining the pattern of bits 
to be cleared would either be a constant contained in the instruction or a value computed in 
the Accumulator at run-time. The instruction, 


inter 
MCS@-51 PROGRAMMER'S 
GUIDE AND INSTRUCTION 
SET 


ANL 
A,Rn 


Bytes: 


Cycles: 


Encoding: 
101 
01 
[~ 


Operation: 
ANL 
(A) +- (A) 
A (Rn) 


ANL 
A,direct 


Bytes: 
2 


Cycles: 


Encoding: 
101 
o 1 
~I 
1 0 1 I 
I direct address I 


Operation: 
ANL 


(A) +- (A) 
A (direct) 


ANL 
A,@Ri 


Bytes: 


Cycles: 


Encoding: 
101 
o 1 ~~ 


Operation: 
ANL 


(A) +- (A) 
A {(Ri» 


ANL 
A,#data 


Bytes: 
2 


Cycles: 


Encoding: 
10101 
~~ 
I immediate 
data I 


Operation: 
ANL 
(A) +- (A) 
A 
#data 


ANL 
dlrect,A 


Bytes: 
2 


Cycles: 


Encoding: 
10101 
~~ 
I direct address 
I 


Operation: 
ANL 
(direct) +- (diff:ct) 
A (A) 


inter 


ANL 
dlrect,#data 


Bytes: 
3 


Cycles: 
2 


Encoding: 
I 0 1 0 .~ 
0 0 1 1 I 


Operation: 
ANL 
(direct) +-- (direct) 
1\ # data 


direct address I 
I immediate 
data I 


Function: 
Logical-AND for bit variables 


Description: 
If the Boolean value of the source bit is a logical 0 then clear the carry flag; otherwise leave the 
carry flag in its current state. A slash ("/") preceding the operand in the assembly language 
indicates that the logical complement of the addressed bit is used as the source value, but the 
source bit itself is not affected. No other flags are affected. 


Only dire<:taddressing is al\owed for the source operand. 


Example: 
Set the carry flag if, and only if, PI.O = 1,ACC. 7 = I, and OV = 0: 


ANL 
C,bit 


Bytes: 
2 


Cycles: 
2 


Encoding: 
I 1 00C~00101 


Operation: 
ANL 
(C) +- (C) 1\ (bit) 


ANL 
C,/blt 


Bytes: 
2 


Cycles: 
2 


Encoding: 
I 1 o 1 1J 
0 0 0 0 


Operation: 
ANL 
(C) +- (C) 1\ "l (bit) 


I bit address I 


I bit address 
I 


inter 


Function: 


Description: 


Compare and Jump if Not Equal. 


CJNE compares the magnitudes of the first two operands, and branches if their values are not 
equal. The branch destination is computed by adding the signed relative-displacement in the 
last instruction byte to the PC, after incrementing the PC to the start of the next instruction. 
The carry flag is set if the unsigned integer value of < dest-byte > is less than the unsigned 
integer value of <src-byte>; 
otherwise, the carry is cleared. Neither operand is affected. 


The first two operands allow four addressing mode combinations: the Accumulator may be 
compared with any directly addressed byte or immediate data, and any indirect RAM location 
or working register can be compared with an immediate constant. 


The Accumulator 
cdntains 34H. Register 7 contains 56H. The first instruction in the se- 
quence, 


R7 = 6OH. 
IF R7 < 60H. 
R7> 
60H. 


sets the carry flag and branches to the instruction at label NOT_EQ. 
By testing the carry flag, 


this instruction determines whether R7 is greater or less than 6OH. 


clears the carry flag and continues with the next instruction in sequence, since the Accumula- 
tor does equal the data read from P I. (If some other value was being input on PI, the program 
will loop at this point until the PI data changes to 34H.) 


CJNE 
A,direct,rel 


Bytes: 
3 


Cycles: 
2 


Encoding: 
I 1 0 1 1 ~~ 
I direct address I 
I reI. address I 


(PC) +- (PC) -,- 3 
IF (A) < > (direct) 
THEN 


IF (A) < (direct) 
THEN 
(C) +- I 


(C) +- 0 


CJNE 
A,# data, rei 


Bytes: 
3 


Cycles: 
2 


Encoding: 
I 1 0 1 1] 
0 1 0 0 


Operation: 
(PC) - 
(PC) + 3 
IF (A) < > data 
THEN 


I immediate data I 


IF (A) < data 
THEN 
(C)-1 


(C)-0 


CJNE 
Rn, # data, rei 


Bytes: 
3 


Cycles: 
2 


Encoding: 
I 1 0 1 1] 
1 r r r 


Operation: 
(PC) - 
(PC) + 3 
IF (Rn) < > data 
THEN 


I immediate data 


IF (Rn) < data 
THEN 
(C)-1 


(C)-0 


CJNE 
@RI,#data,rel 


Bytes: 
3 


Cycles: 
2 


Encoding: 
I 1 0 1 1 ] 
0 1 1 


Operation: 
(PC) - 
(PC) + 3 
IF «Ri)) < > data 
THEN 


I immediate data I 


IF «Ri)) < data 
THEN 
(C)-1 


(C)-0 


I reI. address I 


I reI. address I 


I reI.address I 


Function: 
Clear Accumulator 


Description: 
The Accumu1l1tor 
is cleared 
(all bits set on zero). 
No flags are affected. 


Example: 
The Accumulator 
contains 
SCH (0101 1100B). The instruction, 


Bytes: 


Cycles: 


Encoding: 
I 1 1 1 1 
[0 
1 0 0 I 


Operation: 
CLR 
(A) +- 0 


Description: 
The indicated 
bit is cleared 
(reset to zero). No other flags are affected. 
CLR can operate 
on the 
carry 
flag or any directly 
addressable 
bit. 


Example: 
Port 
I has previously 
been written 
with SDH (OlOlllOlB). 
The instruction, 


Bytes: 


Cycles: 


Encoding: 
I 1 1 0 0 
[!J 
0 
1 1 I 


Operation: 
CLR 
(C) +- 0 


CLR 
bit 


Bytes: 
2 


Cycles: 


Encoding: 
I 1 100[!lO1 
o I 
I bit address 
I 


Operation: 
CLR 
(bit) +- 0 


inter 


Complement Accumulator 


Each bit of the Accumulator is logically complemented (one's complement). Bits which previ- 
ously cont.!ined a one are changed to a zero and vice-versa. No flags are affected. 


The Accumulator contains SCH (0101I lOOB).The instruction, 


Bytes: 


Cycles: 


Encoding: 
I 1 1 1 1] 
0 1 0 0 I 


Operation: 
CPL 
(A) ~I(A) 


Function: 


Description: 


Complement bit 


The bit variable specified is complemented. A bit which had been a one is changed to zero and 
vice-versa. No other flags are affected. CLR can operate on the carry or any directly address- 
able bit. 


Note: When this instruction is used to modify an output pin, the value used as the original data 
will be read from the output data latch, not the input pin. 


Port I has previously been written with SBH (OIOIIIOIB). The instruction sequence, 


Bytes: 


Cycles: 


Encoding: 
I 1 0 1 1] 
0 0 1 1 I 


Operation: 
CPL 
(C) ~I 
(C) 


inter 


Bytes: 
2 


Cycles: 


I bit address I 


CPL 
(bit) +- ...,(bit) 


Function: 


Description: 


Decimal-adjust 
Accumulator 
for Addition 


DA A adjusts 
the eight-bit 
value in the Accumulator 
resulting 
from the earlier addition 
of two 
variables 
(each in packed-BCD 
format), 
producing 
two four-bit 
digits. 
Any ADD 
or ADDC 
instruction 
may have been used to perform 
the addition. 


If Accumulator 
bits 3-0 are greater 
than 
nine (xxxx IOIO-xxxx I III), 
or if the AC flag is one, 
six is added 
to the Accumulator 
producing 
the proper 
BCD digit in the low-order 
nibble. This 
internal 
addition 
would set the carry flag if a carry-out 
of the low-order 
four-bit 
field propagat- 
ed through 
all high-order 
bits, but it would 
not clear the carry 
flag otherwise. 


If the carry flag is now set, or if the four high-order 
bits now exceed nine (1OIOxxxx-lllxxxx), 
these high-ord.:r 
bits are incremented 
by six, producing 
the proper 
BCD digit in the high-order 
nibble. Again, 
this would set the carry flag if there was a carry-out 
of the high-order 
bits, but 
wouldn't 
clear the carry. 
The carry 
flag thus 
indicates 
if the sum of the original 
two BCD 
variables 
is greater 
than 
100, allowing 
multiple 
precision 
decimal 
addition. 
OV is not affected. 


All of this occurs 
during 
the one instruction 
cycle. Essentially, 
this instruction 
performs 
the 
decimal 
conversion 
by adding 
OOH, 06H, 
6OH, or 66H 
to the Accumulator, 
depending 
on 
initial 
Accumullator 
and PSW conditions. 


Note: DA A cannot 
simply 
convert 
a hexadecimal 
number 
in the Accumulator 
to BCD nota- 
tion, nor does DA A apply to decimal 
subtraction. 


Example: 
The Accumulator holds the value 56H (010101lOB) representing the packed BCD digits of the 
decimal nu.mber 56. Register 3 contains the value 67H (011001liB) representing the packed 
BCD digiti>of the decimal number 67. The carry flag is set. The instruction sequence. 


ADDC 
A,R3 
DA 
A 


will first perform a standard twos-complement binary addition, resulting in the value OBEH 
(10111110) in the Accumulator. The carry and auxiliary carry flags will be cleared. 


The 
Decimal 
Adjust 
instruction 
will then 
alter 
the Accumulator 
to the 
value 24H 
(OOIOOIOOIB), 
indicating the packed BCD digits of the decimal number 24, the low-order two 
digits of the decimal sum of 56, 67, and the carry-in. The carry flag will be set by the Decimal 
Adjust instruction, indicating that a decimal overflow occurred. The true sum 56, 67, and I is 
124. 


BCD variables can be incremented or decremented by adding OIH or 99H. If the Accumulator 
initially holds 30H (representing the digits of 30 decimal), then the instruction sequence, 


will leave the carry set and 29H in the Accumulator, since 30 + 99 = 129. The low-order 
byte of the:sum can be interpreted to mean 30 - 
I = 29. 


Bytes: 


Cycles: 


Encoding: 
I 1 1 0 1] 
0 1 0 0 I 


Operation: 
DA 
-contents of Accumulator are BCD 
IF 
[(A3-O) > 9] V [(AC) = I)] 
THEN(A3_0) - 
(A3-0) + 6 
AND 


IF 
[(A7-4) > 9] V [(C) = I)] 
THEN (A7-4) - 
(A7-4) + 6 


Function: 
Decrement 


Description: 
The variable i.ndicated is decremented by I. An original value of DOHwill underflow to OFFH. 
No flags are affected. Four operand addressing modes are allowed: accumulator, 
register, 


direct, or register-indirect. 


Note: When this instruction is used to modify an output port, the value used as the original 
port data will be read from the output data latch, not the input pins. 


Register 0 contains 7FH (OIIIIIIIB). 
Internal RAM locations 7EH and 7FH contain DOH 
and 4OH, respectively. The instruction sequence, 


will leave register 0 set to 7EH and internal RAM locations 7EH and 7FH set to OFFH and 
3FH. 


DEC 
A 


Bytes: 


Cycles: 


Encoding: 
10001[01001 


Operation: 
DEC 
(A) - 
(A) _. 


DEC 
Rn 


Bytes: 


Cycles: 


Encoding: 
10001[~ 


Operation: 
DEC 
(Rn)-(Rn) 
- 


DEC 
direct 


Bytes: 
2 


Cycles: 


Encoding: 
10001J0101 
I 
I direct 
address 
I 


Operation: 
DEC 
(direct) +- (direct) 
- 


DEC 
@RI 


Bytes: 


Cycles: 


Encoding: 
JOO01J011il 


Operation: 
DEC 
((Ri» +- ((Ri» 
- 


Function: 


Description: 
DIV AB dlVides the unsigned 
eight-bit 
integer 
in the Accumulator 
by the unsigned 
eight-bit 
integer 
in register 
B. The 
Accumulator 
receives 
the integer 
part 
of the quotient; 
register 
B 
receives 
the: integer 
remainder. 
The carry 
and OV flags will be cleared. 


Exception: 
if B had originally 
contained 
DOH, the values returned 
in the Accumulator 
and B- 
register 
will be undefined 
and the overflow 
flag will be set. The carry 
flag is cleared 
in any 
case. 


Example: 
The Accumulator 
contains 
251 (OFBH or 11111011B) 
and B contains 
18 (12H or oooIOOIOB). 


The instruction, 


will leave 13 in the Accumulator 
(ODH or 0000110IB) 
and the value 
17 (l1H 
or 000 10001 B) 


in B, since 251 = (13 X 18) + 17. Carry 
and OV will both be cleared. 


Bytes: 


Cycles: 
4 


Encoding: 
I 1 0 0 0 ] 
0 
1 0 0 I 


Operation: 
DIV 


~?;~8 +- (A)/(B) 


inter 


Function: 


Description: 


Decrement 
and Jump 
if Not Zero 


DJNZ 
decrements 
the location 
indicated 
by I, and branches 
to the address 
indicated 
by the 
second 
operand 
if the resulting 
value is not zero. An original 
value of OOH will underflow 
to 


OFFH. No flags are affected. 
The branch 
destination 
would be computed 
by adding 
the signed 


relative-displaeement 
value in the last instruction 
byte to the PC, after incrementing 
the PC to 
the first byte of the following 
instruction. 


Note: When 
this instruction 
is used to modify 
an output 
port, 
the value used as the original 
port data will be read from the output 
data 
latch, 
not the input 
pins. 


Internal 
RAM 
locations 
4OH, 50H, and 60H contain 
the values OIH, 70H, and 
15H, respec- 
tively. The instruction 
sequence, 


DJNZ 
4OH,LABEL_I 
DJNZ 
50H,LABEL_2 
DJNZ 
60H,LABEL_3 


will cause a jump to the instruction 
at label LABEL_2 
with the values OOH, 6FH, and 15H in 
the three 
RAM 
locations. 
The first jump 
was not taken because 
the result 
was zero. 


This instruction 
provides 
a simple way of executing 
a program 
loop a given number 
of times, 


or for adding 
a moderate 
time delay (from 2 to 512 machine 
cycles) with a single instruction. 


The instruction 
sequence, 


MOV 
TOGGLE: 
CPL 
DJNZ 


R2,#8 
PI.7 
R2,TOGGLE 


will toggle 
PI. 7 eight times, 
causing 
four output 
pulses 
to appear 
at bit 7 of output 
Port 
1. 


Each pulse will last three 
machine 
cycles; two for DJNZ 
and one to alter the pin. 


DJNZ 
Rn,rel 


Bytes: 
2 


Cycles: 
2 


Encoding: 
I 1 1 0 1 [~ 
I reI. address 
I 


DJNZ 
(PC) +- (PC) + 2 
(Rn) +- (Rn) 
- 
I 
IF 
(Rn) > 0 or (Rn) < 0 
THEN 


DJNZ 
dlrect,rel 


Bytes: 
3 


Cycles: 
2 


Encoding: 
I 1 1 0 
1 ] 
0 1 0 1 
I direct address 
I 
I reI. address I 


DJNZ 
(PC) +- (I'C) + 2 
(direct) 
- 
(direct) 
- 
I 
IF (direct) 
> 0 or (direct) 
< 0 


THEN 


(PC) +- (PC) + rei 


Function: 


Description: 
INC increments 
the indicated 
variable 
by I. An original 
value of OFFH will overflow 
to OOH. 


No flags are affected. 
Three addressing 
modes are allowed: 
register, 
direct, 
or register-indirect. 


Note: When 
this instruction 
is used to modify 
an output 
port, 
the value used as the original 
port data will be read from the output 
data latch, 
not the input 
pins. 


Example: 
Register 
0 l:ontains 
7EH (011 II II lOB). Internal 
RAM 
locations 
7EH and 7FH contain 
OFFH 
and 4OH, respectively. 
The instruction 
sequence, 


INC 
@RO 
INC 
RO 


INC 
@RO 


will leave n:gister 
0 set to 7FH and internal 
RAM 
locations 
7EH and 7FH holding 
(respective- 
ly) OOH and 41H. 


Bytes: 


Cycles: 


Encoding: 
I 0 0 0 0 J 0 
1 0 0 I 


Operation: 
INC 
(A) +- (A) + I 


inter 


INC 
Rn 


Bytes: 


Cycles: 


Encoding: 
Joooo[1rrrl 


Operation: 
INC 
(Rn) +- (Rn) + I 


INC 
direct 


Bytes: 
2 


Cycles: 


Encoding: 
I 000 
0 I: 0 1 0 1 1 
I directaddress I 


Operation: 
INC 
(direct) +-:- (direct) + I 


INC 
@RI 


Bytes: 


Cycles: 


Encoding: 
10000[01 


Operation: 
INC 
«Ri» +- «Ri» + 


Function: 
Increment Data Pointer 


Description: 
Increment thl~ 16-bit data pointer by 1. A 16-bit increment (modulo 216) is performed; an 
overflow of the low-order byte of the data pointer (DPL) from OFFH to DOHwill increment 
the high-order byte (DPH). No flags are affected. 


This is the only 16-bit register which can be incremented. 


Example: 
Registers DP)ff and DPL contain 12H and OFEH, respectively. The instruction sequence, 


INC 
DPTR 
INC 
DPTR 
INC 
DPTR 


Bytes: 


Cycles: 
2 


Encoding: 
I 1 0 1 0 [0 
0 1 1 1 


Operation: 
INC 
(DPTR) +- (DPTR) + I 


inter 


Function: 
Jump if Bit set 


Description: 
If the indicated bit is a one, jump to the address indicated; otherwise proceed with the next 
instruction. The branch destination is computed by adding the signed relative-displacementin 
the third instruction byte to the PC, after incrementing the PC to the first byte of the next 
instruction. The bit tested is not modified. 
No flags are affected. 


Example: 
The data present at input port I is I 10010lOB.The Accumulator holds 56 (010101lOB).The 
instruction sequence, 


Bytes: 
3 


Cycles: 
2 


Encoding: 
I 0 0 1 0 ] 
0 0 0 0 I 


Operation: 
18 
(PC) - 
(PC) + 3 
IF 
(bit) =, I 
THEN 


I bit address 
I 
I reI. address 
I 


Function: 
Jump if Bit is set and Clear bit 


Description: 
If the indicated bit is one, branch to the address indicated; otherwise proceed with the next 
instruction. The bit will not be cleared if it is already a zero. The branch destination is comput- 
ed by adding the signed relative-displacement in the third instruction byte to the PC, after 
incrementing the PC to the first byte of the next instruction. No flags are affected. 


Note: When this instruction is used to test an output pin, the value used as the original data 
will be read from the output data latch, not the input pin. 


The Accumulator holds 56H (010101lOB).The instruction sequence, 


18C 
ACC.3,LABELl 
18C 
ACC.2,LABEL2 


will cause program execution to continue at the instruction identified by the label LABEL2, 
with the Accumulator modified to 52H (010100lOB). 


Bytes: 
3 


Cycles: 
2 


Encoding: 
I 0 0 0 1 I 0 0 0 0 I 


Operation: 
JBC 
(PC) +- (PC) + 3 
IF 
(bit) = I 
THEN 


I bit address I 
I reI. address 
I 


(bit) +- 0 
(PC) +- (PC) + rei 


Function: 


Description: 


Jump if Carry is set 


If the carry flag is set, branch to the address indicated; otherwise proceed with the next 
instruction. The branch destination is computed by adding the signed relative-displacement in 
the second ilnstruction byte to the PC, after incrementing the PC twice. No flags are affected. 


The carry flag is cleared. The instruction sequence, 


JC 
LABELl 
CPL 
C 
JC 
LABEL 2 


will set the (:arTyand cause program execution to continue at the instruction identified by the 
label LABEL2. 


Bytes: 
2 


Cycles: 
2 


Encoding: 
10100]00001 
I reI. address I 


Operation: 
JC 
(PC) +- (PC) + 2 
IF 
(C) = I 
THEN 


Function: 
Jump 
indirect 


Description: 
Add the eight-bit 
unsigned 
contents 
of the Accumulator 
with the sixteen-bit 
data pointer, 
and 
load the resulting 
sum to the program 
counter. 
This will be the address 
for subsequent 
instruc- 


tion fetches 
Sixteen-bit 
addition 
is performed 
(modulo 
216): a carry-out 
from the low-order 
eight 
bits pmpagates 
through 
the higher-order 
bits. Neither 
the Accumulator 
nor the Data 


Pointer 
is altered. 
No flags are affected. 


Example: 
An even number 
from 0 to 6 is in the Accumulator. 
The following 
sequence 
of instructions 
will 


branch 
to one of four AJMP 
instructions 
in a jump 
table starting 
at JMP _TBL: 


MOY 
JMP 
AJMP 
AJMP 
AJMP 
AJMP 


DPTR,#JMP_TBL 
@A+DPTR 
LABELO 
LABELl 
LABEL2 
LABEU 


If the 
Accumulator 
equals 
04H 
when 
starting 
this 
sequence, 
execution 
will jump 
to label 
LABEL2. 
Remember 
that AJMP 
is a two-byte 
instruction, 
so the jump 
instructions 
start 
at 
every other 
address. 


Bytes: 


Cycles: 
2 


Encoding: 
I 0 1 1 1 I 0 0 1 1 I 


Operation: 
JMP 
(PC) -- 
(A) 
+ 
(DPTR) 


inter 


Function: 
Jump 
if Bit Not set 


Description: 
If the indicated 
bit is a zero, branch 
to the indicated 
address; 
otherwise 
proceed 
with the next 
instruction. 
The branch 
destination 
is computed 
by adding 
the signed relative-displacement 
in 
the third 
instruction 
byte to the PC, after 
incrementing 
the PC to the first byte of the next 
instruction. 
The bit tested is not modified. No flags are affected. 


Example: 
The data prenent at input port 1 is I 100 10lOB. The Accumulator 
holds 56H (010101 lOB). The 
instruction 
st:quence, 


JNB 
P1.3,LABELI 
JNB 
ACC.3,LABEL2 


Bytes: 
3 


Cycles: 
2 


Encoding: 
I 0 0 1 1 [ 0 0 0 0 I 


Operation: 
JNB 
(PC) - 
(PC) + 3 


IF 
(bit) = 0 
THEN 
(PC) - 
(PC) + reI. 


I bit address 
I 
I reI. address I 


Function: 
Jump 
if Carry 
not set 


Description: 
If the carry 
Hag is a zero, branch 
to the address 
indicated; 
otherwise 
proceed 
with 
the next 
instruction. 
The branch 
destination 
is computed 
by adding 
the signed relative-displacement 
in 
the second 
instruction 
byte to the PC, after 
incrementing 
the PC twice to point 
to the next 
instruction. 
The carry 
flag is not modified. 


Example: 
The carry 
fla,g is set. The instruction 
sequence, 


JNC 
LABELl 


CPL 
C 


JNC 
LABEL2 


will clear the carry 
and cause program 
execution 
to continue 
at the instruction 
identified 
by 
the label LABEL2. 


Bytes: 
2 


Cycles: 
2 


Encoding: 
I 0 1 0 1 [0 
0 0 0 I 
I reI. address I 


JNC 
(PC) - 
(PC) + 2 
IF 
(C) = 0 
THEN 
(PC) - 
(PC) + reI 


inter 


Function: 
Jump 
if Ac:umulator 
Not Zero 


Description: 
If any bit of the Accumulator 
is a one, branch 
to the indicated 
address; 
otherwise 
proceed 
with 
the next im.truction. 
The branch 
destination 
is computed 
by adding 
the signed 
relative-dis- 
placement 
in the second 
instruction 
byte 
to the 
PC, after 
incrementing 
the 
PC twice. 
The 
Accumulator 
is not modified. 
No flags are affected. 


Example: 
The Accumulator 
originally 
holds DOH. The instruction 
sequence, 


JNZ 
LABELl 
INC 
A 
JNZ 
LABEL2 


Bytes: 
2 


Cycles: 
2 


Encoding: 
I 0 1 1 1 1 0 0 0 0 I 


Operation: 
JNZ 
(PC) - 
(PC) + 2 
IF 
(A) ,,~0 
THEN 
(PC) - 
(PC) + reI 


I reI. address 
I 


Function: 
Jump 
if Accumulator 
Zero 


Description: 
If all bits of the Accumulator 
are zero, branch 
to the address 
indicated; 
otherwise 
proceed 
with 
the next instruction. 
The 
branch 
destination 
is computed 
by adding 
the signed 
relative-dis- 
placement 
in the second 
instruction 
byte 
to the PC, 
after 
incrementing 
the PC twice. 
The 
Accumulator 
is not modified. 
No flags are affected. 


Example: 
The Accumulator 
originally 
contains 
OIH. The instruction 
sequence, 


JZ 
LABEll 
DECA 
JZ 
LABEL2 


will change 
tile Accumulator 
to DOH and cause program 
execution 
to continue 
at the instruc- 
tion identified 
by the label LABEL2. 


Bytes: 
2 


Cycles: 
2 


Encoding: 
I 0 1 1 0 I: 0 0 0 0 I 


Operation: 
JZ 
(PC) - 
(PC) + 2 
IF 
(A) = 0 
THEN 
(PC) - 
(PC) + rei 


I reI. address 
1 


Function: 
Long call 


Description: 
LCALL 
call! a subroutine 
located 
at the indicated 
address. 
The instruction 
adds three 
to the 
program 
counter 
to generate 
the address 
of the next instruction 
and then 
pushes 
the 
16-bit 
result 
onto the stack (low byte first), incrementing 
the Stack Pointer 
by two. The high-order 
and low-order 
bytes of the PC are then loaded, 
respectively, 
with the second and third bytes of 
the LCALL 
instruction. 
Program 
execution 
continues 
with the instruction 
at this address. 
The 
subroutine 
may therefore 
begin anywhere 
in the full 64K-byte 
program 
memory 
address 
space. 


No flags are affected. 


Example: 
Initially 
the Stack Pointer 
equals 07H. The label "SUBRTN" 
is assigned 
to program 
memory 
location 
1234·H. After 
executing 
the instruction, 


at location 
0123H, 
the Stack Pointer 
will contain 
09H, internal 
RAM 
locations 
OSH and 09H 
will contain 
26H and OIH, and the PC will contain 
1234H. 


Bytes: 
3 


Cycles: 
2 


Encoding: 
I 0 0 0 1 
[ 0 0 
1 0 I 
I addr15-addr8 
I 
I addr7 -addrO I 


LCALL 
(PC) +- (PC) + 3 
(SP) +- (SP) + I 
«SP» 
+- (PC7-0) 


(SP) +- (SP) + I 
«SP» 
+- (PCI5-B) 
(PC) +- addq5-O 


Function: 
Long Jump 


Description: 
UMP 
causes an unconditional 
branch 
to the indicated 
address, 
by loading 
the high-order 
and 


low-order 
bytes 
of the 
PC (respectively) 
with 
the second 
and 
third 
instruction 
bytes. 
The 


destination 
may therefore 
be anywhere 
in the full 64K program 
memory 
address 
space. 
No 
flags are affected. 


Example: 
The label "JMPADR" 
is assigned 
to the instruction 
at program 
memory 
location 
1234H. The 
instruction, 


at location 
0123H 
will load the program 
counter 
with 
1234H. 


Bytes: 
3 


Cycles: 
2 


Encoding: 
I 0 0 0 0 
[ 0 0 
1 0 I 
I addr15-addr8 
I 
I addr7 -addrO I 


UMP 
(PC) +- addrl5-O 


inter 


Function: 
Move byte variable 


Description: 
The byte variable indicated by the second operand is copied into the location specified by the 
first operand. The source byte is not affected. No other register or flag is affected. 


This is by far the most flexible operation. Fifteen combinations of source and destination 
addressing modes are allowed. 


Example: 
Internal RAM location 30H holds 4OH. The value of RAM location 40H is 1OH.The data 
present at input port I is llOOlOlOB (OCAH). 


MOY 
RO,~!30H 
MOY 
A,@RO 
MOY 
RI,A 
MOY 
B,@lU 
MOY 
@RI,PI 
MOY 
P2,PI 


;RO <= 
30H 
;A <= 
40H 
;RI <= 
40H 
;B <= 
lOH 
;RAM (40H) < = OCAH 
;P2 #OCAH 


leaves the value 30H in register 0, 40H in both the Accumulator and register I, 10H in register 
B, and OCAH (1IOOlOlOB)both in RAM location 40H and output on port 2. 


MOV 
A,Rn 


Bytes: 


Cycles: 


Encoding: 
I 1 1 1 0 [ 1 r r r I 


Operation: 
MOY 
(A) - 
(Rn) 


'MOV 
A,dlrect 


Bytes: 
2 


Cycles: 


Encoding: 
I 1 110101 
o 1 I 


Operation: 
MOY 
(A) - 
(direct) 


I direct address 
I 


inter 
MCSltil·51 PROGRAMMER'S 
GUIDE AND INSTRUCTION 
SET 


MOV 
A,@RI 


Bytes: 


Cycles: 


Encoding: 
I 1 110]01 


Operation: 
MOY 
(A) +- «Ri» 


MOV 
A, # data 


Bytes: 
2 


Cycles: 


Encoding: 
101 
1 1 ] 0 1 0 0 I 
I immediatedata I 


Operation: 
MOY 
(A) +- #data 


MOV 
Rn,A 


Bytes: 


Cycles: 


Encoding: 
I 1 1 1 1 I 1 r r r I 


Operation: 
MOY 
(Rn) +- (A) 


MOV 
Rn,dlrect 


Bytes: 
2 


Cycles: 
2 


Encoding: 
I 1 010 
1 r r r 
I directaddr. I 


Operation: 
MOY 
(Rn) +- (direct) 


MOV 
Rn,#data 


Bytes: 
2 


Cycles: 


Encoding: 
10111[1 
r r r 
I immediatedata I 


Operation: 
MOY 
(Rn) +- #dita 


MOY 
direct,A 


Bytes: 
2 


Cycles: 


Encoding: 
I 1 1 1 1 I 0 1 o 1 I 
direct address 


Operation: 
MOV 
(direct) 
- 
(A) 


MOY 
direct,Rn 


Bytes: 
2 


Cycles: 
2 


Encoding: 
I 1 00011rrri 
I direct address I 


Operation: 
MOV 
(direct) 
- 
(Rn) 


MOY 
direct,dlrect 


Bytes: 
3 


Cycles: 
2 


Encoding: 
I 1 000 
101 
0 1 
I dir. addr. (src) I 
I dir. addr. (dest) I 


Operation: 
MOV 
(direct) 
- 
(direct) 


MOY 
direct,@Ri 


Bytes: 
2 


Cycles: 
2 


Encoding: 
11000[01 
I direct addr. I 


Operation: 
MOV 
(direct) 
- 
({Ri» 


MOY 
direct, # data 


Bytes: 
3 


Cycles: 
2 


Encoding: 
101 
1 1 [ 0 1 0 1 
I direct address I 
I immediate data I 


Operation: 
MOV 
(direct) 
- 
~!data 


inter 


MOY 
@Ri,A 


Bytes: 


Cycles: 


Encoding: 
I 1 1 1 
011 


Operation: 
MOY 
«Ri» - 
(A) 


MOY 
@RI,dlrect 


Bytes: 
2 


Cycles: 
2 


Encoding: 
I 1 010101 


Operation: 
MOY 
«Ri» - 
(direct) 


MOY 
@RI,#data 


Bytes: 
2 


Cycles: 


Encoding: 
I 0 1 1 1 [ 0 1 1 


Operation: 
MOY 
«RI» - 
#data 


MOY 
<dest-bit> 
, <src-blt> 


I direct addr. I 


I immediate 
data I 


Function: 
Move bit dati 


Description: 
The Boolean variable indicated by the second operand is copied into the location specifiedby 
the first operand. One of the operands must be the carry flag; the other may be any directly 
addressable bit. No other register or flag is affected. 


Example: 
The carry flag is originally set. The data present at input Port 3 is ll000lOlB. The data 
previously written to output Port I is 35H (OOllOlOlB). 


MOY 
PI.3,C 
MOY 
C,P3.3 
MOY 
PI.2,C 


inter 


MOV 
C,blt 


Bytes: 
2 


Cycles: 


Encoding: 
11010J00101 


Operation: 
MOV 
(C) - 
(bit) 


MOV 
blt,C 


Bytes: 
2 


Cycles: 
2 


Encoding: 
11001J00101 


Operation: 
MOV 
(bit) - 
(C) 


MOV 
DPTR,#data16 


I bit address 1 


I bit address 1 


Function: 
Load Data Pointer with a l6-bit constant 


Description: 
The Data Pointer is loaded with the l6-bit constant indicated. The l6-bit constant is loaded 
into the second and third bytes of the instruction. The second byte (DPH) is the high-order 
byte, while the third byte (DPL) holds the low-order byte. No flags are affected. 


This is the only instruction which moves 16 bits of data at once. 


Example: 
The instruction, 


Bytes: 
3 


Cycles: 
2 


Encoding: 
I 1 0 0 1 ] 
0 0 0 0 I 
1 immed. data15-8 I 
f immed. data7-0 1 


Operation: 
MOV 
(DPTR) _. 
#datalS-O 
DPH 0 DPL - 
#datalS.& 0 #data7.0 


Function: 
Move Code b)'1;e 


Description: 
The MOVC 
instructions 
load the Accumulator 
with a code byte, or constant 
from program 
memory. 
The address 
of the byte fetched 
is the sum of the original 
unsigned 
eight-bit 
Accumu- 
lator 
contents 
and the contents 
of a sixteen-bit 
base register, 
which 
may be either 
the Data 
Pointer 
or the PC. In the latter 
case, the PC is incremented 
to the address 
of the following 
instruction 
befJre 
being 
added 
with 
the Accumulator; 
otherwise 
the base register 
is not al- 
tered. 
Sixteen-bit 
addition 
is performed 
so a carry-out 
from 
the 
low-order 
eight 
bits 
may 
propagate 
through 
higher-order 
bits. No flags are affected. 


Example: 
A value betweo:n 0 and 3 is in the Accumulator. 
The following 
instructions 
will translate 
the 
value in the A.:cumulator 
to one of four values defined 
by the DB (define 
byte) directive. 


RELJC: 
I:"l'C 
A 


MOVC 
A,@A+PC 


RET 


DB 
66H 


DB 
77H 


DB 
88H 


DB 
99H 


If the subroutine 
is called 
with the Accumulator 
equal to OIH, it will return 
with 77H in the 
Accumulator. 
The INC 
A before 
the MOVC 
instruction 
is needed 
to "get around" 
the RET 
instruction 
above the table. If several 
bytes of code separated 
the MOVC 
from the table, 
the 
corresponding 
number 
would be added 
to the Accumulator 
instead. 


MOVC 
A,@A+DPTR 


Bytes: 


Cycles: 
2 


Encoding: 
I 1 0 0 1 [0 0 1 1 I 


Operation: 
MOVC 
(A) +- «A) 
+ 
(DPTR» 


MOVC 
A,@A + PC 


Bytes: 
I 


Cycles: 
2 


Encoding: 
I 1 0 0 0 [0 0 1 1 I 


Operation: 
MOVC 
(PC) +- (PC) 
+ 
I 
(A) +- «A) + (PC» 


inter 
MCS®·51 F'ROGRAMMER'S 
GUIDE AND INSTRUCTION 
SET 


Function: 


Description: 


Move External 


The MOVX instructions transfer data between the Accumulator and a byte of external data 
memory, hence the "X" appended to MOV. There are two types of instructions, differing in 
whether they provide an eight-bit or sixteen-bit indirect address to the external data RAM. 


In the first type, the contents of RO or RI in the current register bank provide an eight-bit 
address multiplexed with data on PO. Eight bits are sufficient for external 110 expansion 
decoding or for a relatively small RAM array. For somewhat larger arrays, any output port 
pins can be used to output higher-order address bits. These pins would be controlled by an 
output instnJction preceding the MOVX. 


In the second type of MOVX instruction, the Data Pointer generates a sixteen-bit address. P2 
outputs the high-order eight address bits (the contents of DPH) while POmultiplexes the low- 
order eight bits (DPL) with data. The P2 Special Function Register retains its previous con- 
tents while the P2 output buffers are emitting the contents of DPH. This form is faster and 
more efficient when accessing very large data arrays (up to 64K bytes), since no additional 
instructions are needed to set up the output ports. 


It is possible in some situations to mix the two MOVX types. A large RAM array with its 
high-order address lines driven by P2 can be addressed via the Data Pointer, or with code to 
output high-order address bits to P2 followed by a MOVX instruction using RO or Rl. 


An external 256 byte RAM using multiplexed address/data 
lines (e.g., an Intel 8155 RAM/ 
I/OlTimer) 
is connected to the 8051 Port o. Port 3 provides control lines for the external 


RAM. Ports I and 2 are used for normal I/O. Registers 0 and I contain 12H and 34H. 
Location 34H of the external RAM holds the value 56H. The instruction sequence, 


MOVX 
A,@RI 


MOVX 
@RO,A 


inter 


MOVX 
A,@RI 


Bytes: 


Cycles: 
2 


Encoding: 
I 1 1 1 0 [ 0 0 1 


Operation: 
MOVX 
(A) +- ((Ri») 


MOVX 
A,@DPTR 


Bytes: 


Cycles: 
2 


Encoding: 
I 1 1 1 0 [ 0 0 0 0 I 


Operation: 
MOVX 
(A) +- ((DPTR» 


MOVX 
@Ri,A 


Bytes: 


Cycles: 
2 


Encoding: 
I 1 1 1 1 I 0 0 1 


Operation: 
MOVX 
((Ri» +- (A) 


MOVX 
@DPTR,A 


Bytes: 


Cycles: 
2 


Encoding: 
I 1 1 1 1 I 0 0 0 0 I 


Operation: 
MOVX 
(DPTR) +- (A) 


Function: 
No Operation 


Description: 
Execution 
(:ontinues 
at the following 
instruction. 
Other 
than 
the PC, no registers 
or flags are 
affected. 


Example: 
It is desired 
to produce 
a low-going 
output 
pulse on bit 7 of Port 
2 lasting exactly 
5 cycles. A 
simple SETB/CLR 
sequence 
would generate 
a one-cycle 
pulse, so four additional 
cycles must 
be inserted. 
This 
may 
be done 
(assuming 
no interrupts 
are 
enabled) 
with 
the 
instruction 
sequence, 


CLR 
P2.7 


NOP 


NOP 


NOP 


NOP 


SETB 
P2.7 


Bytes: 


Cycles: 


Encoding: 
I 0 0 0 0 I 0 0 0 0 I 


Operation: 
NOP 
(PC) +- (PC) + I 


Function: 
Multiply 


Description: 
MUL 
AB multiplies 
the unsigned 
eight-bit 
integers 
in the Accumulator 
and register 
B. The 
low-order 
byte of the sixteen-bit 
product 
is left in the Accumulator, 
and the high-order 
byte in 
B. If the product 
is greater 
than 
255 (OFFH) 
the overflow 
flag is set; otehrwise 
it is cleared. 
The carry 
fla.g is always cleared. 


Example: 
Originally 
th,~ Accumulator 
holds the value 80 (50H). 
Register 
B holds the value 
160 (OAOH). 


The instruction, 


will give the product 
12,800 (3200H), 
so B is changed 
to 32H (OOIIOOlOB) and the Accumula- 
tor is cleared. 
The overflow 
flag is set, carry 
is cleared. 


Bytes: 


Cycles: 
4 


Encoding: 
I 1 0 1 0 
[0 
1 0 0 I 


Operation: 
MUL 
(Ah-o +- (A) X (B) 
(B)15-8 


Function: 


Description: 


ORL 
A,Rn 


Bytes: 


Cycles: 


Logical-OR r.)r byte variables 


ORL perfomls the bitwise logical-OR operation between the indicated variables, storing the 
results in the destination byte. No flags are affected. 


The two operands allow six addressing mode combinations. When the destination is the Accu- 
mulator, the source can use register, direct, register-indirect, or immediate addressing; when 
the destination is a direct address, the source can be the Accumulator or immediate data. 


Note: When this instruction is used to modify an output port, the value used as the original 
port data will be read from the output data latch, not the input pins. 


If the Accumulator holds OC3H (1 1ססoo1 IB) and RO holds 55H (01010101B) 
then the in- 
struction, 


When the de:;tination is a directly addressed byte, the instruction can set combinations of bits 
in any RAM location or hardware register. The pattern of bits to be set is determined by a 
mask byte, which may be either a constant data value in the instruction or a variable computed 
in the Accumulator at run-time. The instruction, 


ORL 
(A) ..- 
(A) V (Rn) 


inter 
MCS@-51 PROGRAMMER'S 
GUIDE AND INSTRUCTION 
SET 


ORL 
A,dlrect 


Bytes: 
2 


Cycles: 


Encoding: 
101 
00J0101 
1 direct address I 


Operation: 
ORL 
(A) +- (A) 
V (direct) 


ORL 
A,@RI 


Bytes: 


Cycles: 


Encoding: 
101 
00]011i 


Operation: 
ORL 
(A) +- (A) 
V «Ri)) 


ORL 
A, # data 


Bytes: 
2 


Cycles: 


Encoding: 
10100 
101 
0 0 
I 
I immediate data 1 


Operation: 
ORL 
(A) +- (A) 
V 
#data 


ORL 
dlrect,A 


Bytes: 
2 


Cycres: 


Encoding: 
10100 
[ 001 
0 I 
1 direct address 1 


Operation: 
ORL 
(direct) +- (direct) 
V (A) 


ORL 
direct, #data 


Bytes: 
3 


Cycles: 
2 


Encoding: 
10100[00111 
direct addr. I 
I immediate data I 


Operation: 
ORL 
(direct) +- (direct) 
V 
#data 


inter 


Function: 
Logical-OR f(lr bit variables 


Description: 
Set the carry flag if the Boolean value is a logical 1; leave the carry in its current state 
otherwise. 
A slash ("/") 
preceding the operand in the assembly language indicates that the 
logical compl(:ment of the addressed bit is used as the source value, but the source bit itself is 
not affected. No other flags are affected. 


Example: 
Set the carry flag if and only if Pl.O = I, ACC. 7 = I, or OV = 0: 


ORL 
C,blt 


Bytes: 
2 


Cycles: 
2 


Encoding: 
101 
1 1 [ 0 0 1 o 1 


Operation: 
ORL 
(C) +- (C) \l (bit) 


ORL 
C,/blt 


Bytes: 
2 


Cycles: 
2 


Encoding: 
I 1 o 1 0[00001 


Operation: 
ORL 
(C) +- (C) V (bit) 


1 
bit address 
1 


I 
bit address 
1 


inter 


Function: 
Pop from stack. 


Description: 
The contents 
of the internal 
RAM 
location 
addressed 
by the Stack 
Pointer 
is read, 
and the 


Stack 
Poir.ter 
is decremented 
by one. The value 
read 
is then 
transferred 
to the directly 
ad- 


dressed 
byte indicated. 
No flags are affected. 


Example: 
The 
Stack 
Pointer 
originally 
contains 
the 
value 
32H, 
and 
internal 
RAM 
locations 
30H 
through 
32H contain 
the values 
20H, 23H, and 01H, respectively. 
The instruction 
sequence, 


will leave the Stack Pointer 
equal to the value 30H and the Data 
Pointer 
set to 0123H. 
At this 
point the instruction, 


will leave the Stack Pointer 
set to 20H. 
Note 
that 
in this special 
case the Stack 
Pointer 
was 
decremented 
to 2FH before being loaded 
with the value popped 
(20H). 


Bytes: 
2 


Cycles: 
2 


Encoding: 
I 1 1 0 1 ] 
0 0 0 0 
I direct address I 


POP 
(direct) +- «SP» 
(SP) +- (SlP) - 
I 


Function: 


Description: 
The Stack Pointer 
is incremented 
by one. The contents 
of the indicated 
variable 
is then copied 
into the intl:rnal 
RAM 
location 
addressed 
by the Stack Pointer. 
Otherwise 
no flags are affect- 
ed. 


On entering 
an interrupt 
routine 
the Stack Pointer 
contains 
09H. The Data 
Pointer 
holds 
the 
value 0123H. 
The instruction 
sequence, 


PUSH 
DP'L 


PUSH 
DPH 


will leave the Stack 
Pointer 
set to OBH and store 
23H and 01H 
in internal 
RAM 
locations 
OAH and OBH, respectively. 


Bytes: 
2 


Cycles: 
2 


Encoding: 
I 1 1 0 0 I 0 0 0 0 I 
I direct address 
I 


PUSH 
(SP) +- (SP) + I 
«SP» 
+- (direct) 


intJ 


Function: 


Description: 


Bytes: 


Cycles: 


RET pops the:high- and low-order bytes of the PC successively from the stack, decrementing 
the Stack Pointer by two. Program execution continues at the resulting address, generally the 
instruction immediately following an ACALL or LCALL. No flags are affected. 


The Stack Pointer originally contains the value OBH. Internal RAM locations OAH and OBH 
contain the v~,lues23H and OIH, respectively. The instruction, 


will leave the Stack Pointer equal to the value 09H. Program execution will continue at 
location 0123H. 


RET 
(PCIS-g) - 
«(SP» 
(SP) - 
(SP) - 
1 
(PC7-o) - 
«SP» 
(SP) - 
(SP) - 
1 


Function: 


Description: 


Bytes: 


Cycles: 


Return from interrupt 


RETI pops the high- and low-order bytes of the PC successively from the stack, and restores 
the interrupt logic to accept additional interrupts at the same priority level as the one just 
processed. The:Stack Pointer is left decremented by two. No other registers are affected; the 
PSW is not au·:omatically restored to its pre-interrupt status. Program execution continues at 
the resulting address, which is generally the instruction immediately after the point at which 
the interrupt rc~questwas detected. If a lower- or same-level interrupt had been pending when 
the RETI instruction is executed, that one instruction will be executed before the pending 
interrupt is processed. 


The Stack Pointer originally contains the value OBH. An interrupt was detected during the 
instruction ending at location 0122H. Internal RAM locations OAH and OBH contain the 
values 23H and OIH, respectively. The instruction, 


RETI 
(PCIS-g) - 
«SP» 
(SP) - 
(SP) -- 1 
(PC7-o) - 
«SP» 
(SP) - 
(SP) _. 1 


Function: 
Rotate Accumulator Left 


Description: 
The eight bits in the Accumulator are rotated one bit to the left. Bit 7 is rotated into the bit 0 
position. No flags are affected. 


Example: 
The Accumulator holds the value OC5H (IIOOOIOIB).The instruction, 


Bytes: 


Cycles: 


Encoding: 
I 0 0 1 0] 
0 0 1 1 I 


Operation: 
RL 
(An + 1)'- 
(An) 
n = 0 - 
6 
(AO) - 
(A7) 


Function: 
Rotate Ae<:umulator Left through the Carry flag 


Description: 
The eight bits in the Accumulator and the carry flag are together rotated one bit to the left. Bit 
7 moves into the carry flag; the original state of the carry flag moves into the bit 0 position. No 
other flags are affected. 


Example: 
The Accumulator holds the value OC5H (I lOOOIOIB),and the carry is zero. The instruction, 


Bytes: 


Cycles: 


Encoding: 
I 0 0 1 1 ] 0 0 1 1 I 


RLC 
(An + 1)"- (An) 
n = 0 - 
6 
(AO) - 
(C) 
(C) - 
(A7) 


inter 


Function: 


Description: 


Rotate 
Accumulator 
Right 


The eight bits in the Accumulator 
are rotated 
one bit to the right. Bit 0 is rotated 
into the bit 7 
position. 
No flags are affected. 


The Accumulator 
holds the value OC5H (I I000 10IB). The instruction, 


Bytes: 


Cycles: 


Encoding: 
I 0 0 0 0 
[0 
0 1 1 I 


Operation: 
RR 
(An) +- (An + I) 
n = 0 - 
6 
(A7) +- (AO) 


Function: 


Description: 


Rotate 
Accumulator 
Right 
through 
Carry 
flag 


The eight bits "inthe Accumulator 
and the carry flag are together 
rotated 
one bit to the right. 


Bit 0 moves 
into 
the 
carry 
flag; the 
original 
value 
of the 
carry 
flag moves 
into 
the bit 7 
position. 
No other 
flags are affected. 


The Accumulator 
holds the value OC5H (1 1000 10IB), the carry 
is zero. The instruction, 


Bytes: 


Cycles: 


Encoding: 
I 0 0 0 1 ~) 
0 1 1 I 


RRC 
(An) +- (An -~ I) 
n = 0 - 
6 
(A7) +- (C) 
(C) +- (AO) 


Function: 
Set Bit 


Description: 
SETB 
sets the 
indicated 
bit to one. 
SETB 
can 
operate 
on the 
carry 
flag or any 
directly 


addressable 
bit. No other 
flags are affected. 


Example: 
The carry flag is cleared. 
Output 
Port 
I has been written 
with the value 34H (OOllOIOOB). The 


instructions, 


Bytes: 


Cycles: 


Encoding: 
I 1 1 0 1 ] 0 0 1 1 I 


Operation: 
SETB 
(C) +- 1 


SETB 
bit 


Bytes: 
2 


Cycles: 


Encoding: 
I 1 1 0 1 ] 0 0 1 0 I 


Operation: 
SETB 
(bit) +- I 


I bit address 
I 


inter 


Function: 
Short Jump 


Description: 
Program control branches unconditionally to the address indicated. The branch destination is 
computed by adding the signed displacement in the second instruction byte to the PC, after 
incrementing ·~hePC twice. Therefore, the range of destinations allowed is from 128 bytes 
preceding this instruction to 127 bytes following it. 


Example: 
The label "RELADR" 
is assigned to an instruction at program memory location 0123H. The 
instruction, 


will assemble into location OIOOH.After the instruction is executed, the PC will contain the 
value 0123H. 


(Note: Under the above conditions the instruction following SJMP will be at 102H. Therefore, 
the displacement byte of the instruction will be the relative offset (0l23H-0102H) 
= 21H. Put 
another way, an SJMP with a displacement ofOFEH would be a one-instruction infinite loop.) 


Bytes: 
2 


Cycles: 
2 


Encoding: 
I 1 0 0 0 I~)0 0 0 
I reI. address I 


SJMP 
(PC) +- (PC) + 2 
(PC) +- (PC) + reI 


Function: 


Description: 


SUBB 
A,Rn 


Bytes: 


Cycles: 


Subtract with borrow 


SUBB subtracts the indicated variable and the carry flag together from the Accumulator, 
leaving th(: result in the Accumulator. SUBB sets the carry (borrow) flag if a borrow is needed 
for bit 7, and clears C otherwise. (If C was set before executing a SUBB instruction, this 
indicates that a borrow was needed for the previous step in a multiple precision subtraction, so 
the carry is subtracted from the Accumulator along with the source operand.) AC is set if a 
borrow is needed for bit 3, and cleared otherwise. OV is set if a borrow is needed into bit 6, but 
not into bit 7, or into bit 7, but not bit 6. 


When sublracting signed integers OV indicates a negative number produced when a negative 
value is subtracted from a positive value, or a positive result when a positive number is 
subtracted from a negative number. 


The sourct: operand allows four addressing modes: register, direct, register-indirect, or imme- 
diate. 


The Accumulator holds OC9H (1IOOIOOIB),register 2 holds 54H (OIOIOIOOB),and the carry 
flag is set. The instruction, 


will leave the value 74H (OIIIOIOOB)in the accumulator, with the carry flag and AC cleared 
but OV set. 


Notice thai: OC9H minus 54H is 75H. The difference between this and the above result is due 
to the carry (borrow) flag being set before the operation. If the state of the carry is not known 
before starting a single or multiple-precision subtraction, it should be explicitly cleared by a 
CLR C instruction. 


SUBB 
(A) +- (A) - 
(C) - 
(Rn) 


•••.,"'11 
•• """ 


Bytes: 
2 


Cycles: 


Encoding: 
11 
0 0 1 [0101 
I 
direct address 
I 


Operation: 
SUBB 
(A) - 
(A) - 
(C) - 
(direct) 


SUBB 
A,@RI 


Bytes: 


Cycles: 


Encoding: 
11 
0 0 1 [0 
1 1 i I 


Operation: 
SUBB 
(A) - 
(A) - 
(C) - 
«Ri» 


SUBB 
A,# data 


Bytes: 
2 


Cycles: 


Encoding: 
11 
0 0 1 [D 1 0 0 I 
immediate data I 


Operation: 
SUBB 
(A) - 
(A) - 
(C) - 
#data 


Function: 
Swap nibbles within the Accumulator 


Description: 
SWAP A interchanges the low- and high-order nibbles (four-bit fields) of the Accumulator 
(bits 3-0 and bits 7-4). The operation can also be thought of as a four-bit rotate instruction. No 
flags are affected. 


Example: 
The Accumulator holds the value OC5H (11000101B). The instruction, 


Bytes: 


Cycles: 


Encoding: 
1 1 1 0 0 
~I 
1 0 0 


Operation: 
SWAP 
(A3-O) 
~ 
(A7-4) 


inter 


Function: 
Exchange Accumulator with byte variable 


Description: 
XCH load:; the Accumulator with the contents of the indicated variable, at the same time 
writing the: original Accumulator contents to the indicated variable. The source/destination 
operand can use register, direct, or register-indirect addressing. 


Example: 
RO contains the address 20H. The Accumulator holds the value 3FH (OO11I11IB). Internal 
RAM location 20H holds the value 75H (OIIIOIOIB). The instruction, 


will leave RAM location 20H holding the values 3FH (OOl1l11IB) and 75H (01110IOlB) in 
the accumulator. 


XCH 
A,Rn 


Bytes: 


Cycles: 


Encoding: 
1110 
oJ 
1 r r r I 


Operation: 
XCH 
(A) ~ 
(Rn) 


XCH 
A,dlrect 


Bytes: 
2 


Cycles: 


Encoding: 
11100J0101 
I 
I direct address 
I 


Operation: 
XCH 
(A) ~ 
(direct) 


XCH 
A,@RI 


Bytes: 


Cycles: 


Encoding: 
I 1 100]01 


Operation: 
XCH 
(A) ~ 
«Ri» 


inter 


Function: 
Exchange Digit 


Description: 
XCHD exchanges the low-order nibble of the Accumulator (bits 3-0), generally representing a 
hexadecimal or BCD digit, with that of the internal RAM location indirectly addressed by the 
specified register. The high-order nibbles (bits 7-4) of each register are not affected. No flags 
are affected. 


Example: 
RO contains the address 20H. The Accumulator holds the value 36H (001101lOB). Internal 
RAM location 20H holds the value 75H (01I101OIB). The instruction, 


XCHD 
A,@RO 


will leave RAM location 20H holding the value 76H (011101lOB)and 35H (OOlIOIOIB)in the 
Accumulator. 


Bytes: 


Cycles: 


Encoding: 
I 1 1 0 1 [ 0 1 1 


Operation: 
XCHD 
(A3-o) ~ «Ri3-o» 


Function: 
Logical Exclusive-OR for byte variables 


Description: 
XRL perfomls the bitwise logical Exclusive-OR operation between the indicated variables, 
storing the results in the destination. No flags are affected. 


The two operands allow six addressing mode combinations. When the destination is the Accu- 
mulator, the source can use register, direct, register-indirect, or inlmediate addressing; when 
the destination is a direct address, the source can be the Accumulator or immediate data. 


(Note: When this instruction is used to modify an output port, the value used as the original 
port data will be read from the output data latch, not the input pins.) 


If the Accumulator holds OC3H (11ססoo1IB) and register 0 holds OAAH (lOlOlOlOB) then 
the instruction, 


When the destination is a directly addressed byte, this instruction can complement combina- 
tions of bits in any RAM location or hardware register. The pattern of bits to be complement- 
ed is then determined by a mask byte, either a constant contained in the instruction or a 
variable computed in the Accumulator at run-tinle. The instruction, 


inter 
MCS@·51 PROGRAMMER'S 
GUIDE AND INSTRUCTION 
SET 


XRL 
A,Rn 


Bytes: 


Cycles: 


Encoding: 
101 
10J1rrr 


Operation: 
XRL 
(A) +- (A) ¥ (Rn) 


XRL 
A,dlrect 


Bytes: 
2 


Cycles: 


Encoding: 
101 
10J0101 
I directaddress I 


Operation: 
XRL 
(A) +- (A) ¥ (direct) 


XRL 
A,@Ri 


Bytes: 


Cycles: 


Encoding: 
J0110J011iJ 


Operation: 
XRL 
(A) +- (A) ¥ «Ri» 


XRL 
A,# data 


Bytes: 
2 


Cycles: 


Encoding: 
101 
10]0100 
I immediatedata I 


Operation: 
XRL 
(A) +- (A) ¥ # data 


XRL 
direct,A 


Bytes: 
2 


Cycles: 


Encoding: 
101 
1 0 ] 001 
0 I 
I direct address I 


Operation: 
XRL 
(direct) +- ~direct) ¥ (A) 


inter 


XRL 
direct, # data 


Bytes: 
3 


Cycles: 
2 


Encoding: 
I 0 1 1 0 [0 0 1 1 I 


Operation: 
XRL 
(direct) +- (d:lrect) l,f #data 


direct address I 
I immediate 
data I 
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The 80C5lGB is a highly integrated 8-bit microcontrol- 
ler based on the MCS@-51architecture. Its key features 
include a Serial Expansion Port, an 8-bit A/D convert- 
er, a flexible timer/counter 
subsystem, hardware sup- 
port for operation in electrically noisy environments, 
and security for the on-chip EPROM memory. As a 
member of the MCS-51 family of devices, the 80C51GB 
is optimized for control applicatiolli'. Its architecture 
and instruction set facilitate efficient utilization of the 
on-chip memory and peripheral resources. 


The 80C5lGB is a superset of the 80C51 microcontrol- 
ler. It is software compatible with the 80C51 allowing 
use of existing software development tools. 


The 80C5lGB 
is ROMless, 83C5lGB 
is the mask 
ROM, 
and the 87C5lGB 
is the EPROM 
version. 
80C51 will be used in this document 


The features of the 80C51GB are: 
• 
8 Channel, 8-Bit A/D Converter 
• 
Two 5 Channel Programmable Counter Arrays with 
Independent 
Input Capture 
- 
Output Compare 
- 
Pulse Width Modulation 


• 
3 16-Bit Timer/Counters 
• 
Dedicated Watchdog Timer 
• 
Oscillator Failure Detection 
• 
6 8-Bit Parallel I/O Ports with Schmitt Trigger In- 
puts 


• 
Enhanced Serial I/O Port 
• 
Serial Expansion Port 
• 
8K Byte ROM/EPROM 
• 
256 Byte RAM 
• 
Security for EPROM 
• 
Power Saving Standby Modes 
• 
Choice of 68 Pin PLCC or CERQUAD Packages 


The 
80C51GB is compatible 
with the 
87C51 and 
87C5lFA as shown in Table 1. 


80C51GB 
Feature 
87C51 
87C51FA 
InstructionSet 
Same 
Special FunCtion 
Compatible 
Registers 
Port0,1,2,3 
Same 
Same 
SerialPort 
Compatible 
Same 
Timer0, 1 
Same 
Same 
Timer2 
N/A 
Same 
Interrupts 
Compatible 
Compatible 
Programmable 
N/A 
Same 
CounterArray 
EPROM 
Compatible 
Compatible 
RAM 
Compatible 
Same 


DEFINITIONS: 
N/A: 
This 80C51GBfeature is not present in the 87C51 or 
87C51FA. 
SAME:This 80C51GB feature is identical to the corre- 
sponding 87C51 or 87C51FAfeature. 
COMPATIBLE:This 80C51GBfeature is improved relative 
to the 87C51 or 87C51FA,but is compatibleifthe improve- 
ment is not utilized. 
INCOMPATIBLE:This 80C51GBfeature is not compatible 
to the corresponding87C51 or 87C51FAfeature. 


2.1 
EPROM, RAM and Memory 
Security 


The 87C5lGB contains 8K bytes of EPROM and 256 
bytes of RAM. In addition, the 80C5lGB contains a 
security feature which protects the on-chip EPROM 
from external access, preventing unauthorized read out 
of the EPROM. The MCS-51 architecture has separate 
address spaces for Program Memory, Data Memory 
and Internal RAM. The Program and Data Memory 
spaces are each 64K bytes long. The Internal RAM 
space is 256 bytes. 


The 8K EPROM occupies address locations OOOOHto 
IFFFH 
in the program memory space. The EPROM 
also contains 64 bytes of key EPROM. 


The full 256 bytes allowed by the architecture are im- 
plemented. The internal RAM is used for data regis- 


AUTOMOTIVE 
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AND 
CONTROL 
~ 
'" 


PSEN 
ALE/1'llOl: 
rA/VPP 
RST 


ters, the address stack, and other data storage require- 
ments. 


verifyand the two Security Bits can deny access to the 
EPROM array. 


There are 64 bytes of key in the array that are used to 
encrypt the code during memory verify. Every time a 
code byte is addressed, bits PARO-PAR4 are used to 
address a key byte. The data that is output on Port 0 is 
an XOR of the key byte and the code. The key bytes 
cannot be verified. Therefore, only the user who pro- 
grams the key bytes would be able to decrypt the 


The 87C5lGB contains two security features which 
protect the code of the on-chip EPROM. The key 
EPROM security encrypts the code during memory 


AUTOMOTIVE 
87C51 GB/83C51GB/80C51 
GBl!\[Q)Wl!\OO©~ 
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scrambled 
code from the verify output. 
If the key array 
is not 
programmed, 
all key byles 
read 
FFH 
and 
the 
encrypted 
data is equal to the program 
data. 


Two 
security 
bits 
can 
be programmed 
by 
the 
user. 


These 
bits can provide 
additional 
code access 
protec- 
tion. There 
are four ways that 
the EPROM 
can be ac- 
cessed for a read: 


I) A MOVC 
instruction 
in the e:lternal 
program 
mem- 
ory can access internal 
codes. 


2) Toggling 
EA pin. 


3) Programming 
the 
EPROM 
arrray 
(e.g. 
program- 
ming all key bytes with OOH) 


4) Code Verify Mode. 


It is possible 
to read internal 
code by executing 
exter- 
nally and periodically 
toggling 
the EA pin. A MOV A, 
instruction 
in 
the 
external 
program 
memory 
would 
move internal 
program 
memory 
to the accumulator 
if 
EA is initially 
low and brought 
high before 
State 4 of 
the MOV 
A, instruction. 
This ensures 
that the opcode 
of MOV 
A, is read 
from 
external 
memory 
while 
the 
data 
is 
fetched 
from 
the 
internal 
memory. 
The 
8OC5IGB's 
EA 
pin 
is latched 
by the 
falling 
edge 
of 
POC 
(internal 
reset). 
This prohibits 
the ability 
of tog- 
gling EA to get the EPROM 
program 
to dump 
out of 
the ports 
by toggling 
EA. 


The 
internal 
code 
would 
be m08t 
secure 
if the 
code 
verify 
is completely 
disabled. 
although 
programming 
the 
key bytes 
provides 
an encrypted 
verify, 
the 
code 
becomes 
accessible 
if the key bytes are known. 


Security 
Bit I provides 
external 
(:xecution 
security 
by 
disabling 
EPROM 
read 
modes 
I, 2, and 
3 mentioned 
above. 
Security 
bit 2 provides 
thl~ security 
that 
Bit 
I 
offers and it also disables 
code verify completely. 
Table 
2 lists the security 
types activated 
by different 
bits con- 
ditions. 


The 8OC51GB AID 
converter 
will have a resolution 
of 
8 bits and an accuracy 
of ± '/2 LSB. The conversion 


time 
for a single 
channel 
will be 20 J.Lsec at a clock 
frequency 
of 16 MHz 
with the sample 
and hold 
func- 
tion included. 
Independent 
supply 
voltages 
are provid- 
ed for the AID. 
Also, 
the AID 
will operate 
both 
in 
normal 
mode or in idle mode. 


The AID has 8 analog 
input 
pins; ACHO (AID CHan- 


nel 0) .... ACH7, 
I reference 
input 
pin; 
COMPREF 
(COMParison 
REFerence), 
I control 
input 
pin; TRI- 
GIN 
(TRIGger 
IN), and 2 power 
pins; VREF (Voltage 
REFerence) 
and ANGND 
(ANalog 
GrouND). 
In ad- 


dition, 
the AID has 8 conversion 
result registers; 
ADO 
(AID result 
for channel 
0) .... AD7, 
I comparison 
re- 
sult register; 
ACMP 
(Analog 
CoMParison), 
and 
I con- 
trol register; 
ACON 
(AID COntrol). 


The 
control 
bit 
ACE 
(AID 
Conversion 
Enable) 
in 
ACON 
controls 
whether 
the AID 
is in operation 
or 
not. 
ACE=O 
idles 
the AID. 
ACE= 
I enables 
AID 
conversion. 
The control 
bit AIM (AID Input 
Mode) 
in 
ACON 
controls 
the 
mode 
of 
channel 
selection. 


AIM 
= 0 is the scan mode, and AIM 
= 
I is the select 


mode. The result 
registers 
AD4 
.. AD7 always 
contain 
the result of a conversion 
from the corresponding 
chan- 


nels 
ACH4 
.. ACH7. 
However, 
the 
result 
registers 
ADO .. AD3 
depend 
on this mode. 
In the scan mode, 


ADO .. AD3 
contain 
the values 
from ACHO 
.. ACH3. 


In the select 
mode, 
one of the four 
channels 
ACHO 
.. 


ACH3 
is converted 
four times, and the four values 
are 
stored 
sequentially 
in locations 
ADO .. AD3. 
Its chan- 


nel is selected 
by bits ACSI 
and ACSO (AID 
Channel 
Select 
I and 0) in ACON. 


The control 
bit ATM (AID Trigger 
Mode) 
in ACON 
controls 
the mode of execution. 
ATM 
= 
0 is continu- 


ous 
mode, 
AT 
= 
I is trigger 
mode. 
In 
continuous 
mode 
conversions 
from 
channel 
0 to 7 are 
repeated 
while ACE bit is set. In trigger 
mode, the conversion 
is 


triggered 
on the trailing 
edge of pin TRIGIN, 
and exe- 
cuted only once from channel 
0 to 7. Any further 
trail- 
ing edge detection 
ofTRIGIN 
will be ignored 
until the 
current 
conversion 
cycle 
has 
completed. 
The 
AIF 
(AID 
Interrupt 
Flag) 
in ACON 
is set when 
a AID 
conversion 
cycle from channel 
0 to 7 has been complet- 
ed, i.e. when AD7 
is written. 
The EAD 
(interrupt 
En- 
able for AID) in lEA 
(Interrupt 
Enable 
Register) 
de- 


Bit2 
Bit 1 
Security 


Unprogrammed 
Unprogrammed 
None. Modes 1-4 of 
code access are all 
possible. 


Unprogrammed 
Programmed 
Modes 1-3 are disabled 


Programmed 
Programmed 
Modes 1-4 are disabled 


Programmed 
Wnprogrammed 
Invalid combination 
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termines whether an interrupt will be generated or not. 
If EAD = I, an interrupt to the CPU occurs after the 
AID completed conversion. All channels are also auto- 
matically compared against a single voltage reference 
provided by pin COMPREF. If the particular channel 
voltage is greater than the reference, the corresponding 


bit in register ACMP is set. If not, the bit is reset. 
Notice that this comparison is done in channel se- 
quence regardless of the mode being selected, that is, 
the AID could be programmed in the select mode, but 
ACMP would still store the comparison result between 
ANO - AN7 and COMPREF. 


[Mode of Channel 
Selection] 


I 
I 


Comparison 
All 
Conversion 
Sc:an 
Select 
Result 
Mode 
Result 
MClde 
Mode 


ADO 
+- ACHO 
+- ACHx 
CMPO 
+- ACHO 
AD1 
+- ACH1 
+- ACHx 
CMP1 
+- ACH1 
AD2 
+- ACH2 
+- ACHx 
CMP2 
+- ACH2 
AD3 
+- ACH3 
+- ACHx 
CMP3 
+- ACH3 
AD4 
+- ACH4 
+- ACH4 
CMP4 
+- ACH4 
AD5 
+- ACH5 
+- ACH5 
CMP5 
+- ACH5 


AD6 
+- ACH6 
+- ACH6 
CMP6 
+- ACH6 
AD? 
+- ACH? 
+- ACH? 
CMP? 
+- ACH? 


(if ACS1,O = 00 then x = 0, ACS1 ,0 = 01 then x= 1, 
ACS1,O = 
10 then x = 2,ACS1,0 
= 11 then x = 3) 


AID Special Function Re!~ister 
Table 4. Bit Assignments 


Bit 
Name 
MSB 
- 
LSB 
Address 


7 
I 
6 
I 
5 
I 
4 
I 
3 
I 
2 
I 
1 
I 
0 


ACON 
- 
- 
AIF 
ACE 
ACS1 
ACSO 
AIM 
ATM 
9?H 
ACMP 
CMPO 
CMP1 
CMP2 
CMP3 
CMP4 
CMP5 
CMP6 
CMP? 
C?H 
ADO 
MSB 
·.. +- 8-bit AID result for ACHO -. 
... 
LSB 
84H 
AD1 
MSB 
·.. +- 8-bit AID 
result for ACH1 -. 
... 
LSB 
94H 
AD2 
MSB 
·.. +- 8-bit AID result for ACH2 -. 
... 
LSB 
A4H 
AD3 
MSB 
·.. +- 8-bit AID 
result for ACH3 -. 
... 
LSB 
B4H 
AD4 
MSB 
·.. +- 8-bit AID 
result for ACH4 -. 
... 
LSB 
C4H 
AD5 
MSB 
·.. +- 8-bit AID result for ACH5 -. 
... 
LSB 
D4H 
AD6 
MSB 
... +- 8-bit AID 
result for ACH6 -. 
... 
LSB 
E4H 
AD? 
MSB 
·.. +- 8-bit AID 
result for ACH? -. 
... 
LSB 
F4H 
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AIF 
AID 
Interrupt 
Flag. This bit is 
set when an AID conversion 
cycle has be,:!n completed. 


ACE 
AID Conversion 
Enable. This 
bit, when set by software, 
enables the AID converter. 


ACS1-O 
AID Channel 
Select. These 
two bits specify an AI 0 
channel 
for tl1e Select mode. 


ACS1 
AGSO 
Selected 
Channel 


0 
D 
ACHO 
0 
1 
ACH1 
1 
D 
ACH2 
1 
1 
ACH3 


AIM 
AID 
Input Mode. This bit 
selects betwl3en the Scan 
and Select 
IT odes for the AID 
converter. 
When AIM is low, 
the Scan mode is enabled. 


ATM 
AID Trigger Mode. This bit 
selects betwl3en Continuous 
and Triggered 
conversion 
modes. When ATM is set high 
by software, 
the Triggered 
conversion 
mode is enabled. 
When ATM il; low, the 
Continuous 
mode is enabled. 


CMPO-CMP7 
Comparison 
results with pin 
COMPREF. 
Pins ACHO-7 are 
automatically' 
compared 
against a sinnle voltage 
reference 
provided 
by pin 
COMPREF. 
If pin ACHO-7 is 
greater than the reference, 
CMPO-7 are Bet high. If not, 
CMPO-7 are Bet low. 
See Interrupts 
section for the 
following 
bits. 


EAD 
Interrupt 
Enable for AID. This 
bit is in lEA rElgister. 


PAD 
Interrupt 
Prio'ity for AID. 
This 
bit is in IPA rElgister. 


PAD.1 
Interrupt 
Prio "ity for AID. 
This 
bit is in IPA1l'egister. 


2.3 
Programmable 
Couniter Arrays 


The Programmable Counter Arra)s (PCA-PCA1) are 
each made up of a Counter Moduli: and five Register/ 


Comparator Modules as shown below. The 16-bit out- 
put of the counter module is available to all five Regis- 
ter/Comparator 
Modules, providing one common tim- 


ing reference. Each Register/Comparator 
Module is as- 
sociated with a pin of Port IlPort 
4 and is capable of 


performing input capture, output compare and pulse 
width modulation functions. The PCAs are exactly the 
same in function except for the addition of clock input 
sources on PCAL 


The PCA Counter and five Register/Comparator 
Mod- 


ules each have a status bit in the CCON/CICON 
Spe- 
cial Function Registers. These six status bits are set 
according to the selected modes of operation described 
below. Th'e CCON/CICON 
Register provides a conve- 


nient means to determine which of the six PCA inter- 
rupts has occurred. The EC Bit in the IE (Interrupt 
Enable) Special Function Register is a global interrupt 
enable for the PCA. 


PI.7/P4.7 
+--+ 
REG/COM MODULE 4 


(CEX4)/(CI 
EX4) 
I--,,;...----~ 
PI.6/P4.6 +--+ 
REG/COM MODULE 3 


(CEX3)/(CIEX3) 
J--------I 


PI.5/P4.5 
+--+ 
REG/COM MODULE 2 


(CEX2)/(CIEX2) 
J-------------------~ 
Pl.4/P4.4 
4 
~ 
REG/COM MODULE 1 


(CEX1)/(C1EX1) 
J--,,;...-----I 


Pl.3/P4.3 +--+ 
REG/COM MODULE 0 
(CEXO)/(Cl 
EXO) 
L.. 
~ 
tt ...tt 


The PCA counter is incremented in response to a count 
pulse from one of four input sources. As shown below, 
the allowed input sources are: the crystal oscillator 
through a prescaler of either modulus 12 or modulus 4, 
the Timer 0 overflow, and the Pl.2 pin of Port 1. Incre- 
menting of the counter is enabled by the CR bit of the 
CCon Special Function Register. 


The PCAI 
counter is incremented in response to a 


count pulse from one of seven input sources. As shown 
below, the allowed input sources are: the crystal oscilla- 
tor through a prescaler of either modulus 12 or modu- 
lus 4, the Timer 0 overflow, the Pl.2 pin of Port I, the 
Timer I overflow, the P4.2 pin of Port 4, and the TI/ 
PI. 7 of Port 1. Incrementing of the counter is enabled 
by the CRI bit of the CICON Special Function Regis- 
ter. This allows the user to configure the two PCA 
modules to run off the same timing source if one of the 
first four input sources is chosen for PCAL 


timers as described, the timers can also be enabled 
simultaneously. This can be achieved by setting the 
CRE bit of the ClCON 
Speci 
Function Register. 
When CRE is set, PCAI counter is enabled whenever 
both the CR and CRI bits are set, and is disabled when 
anyone of them is cleared. Thus the user can first set 
the CRI bit, and then can start and stop both the coun- 
ters simultaneously by setting and clearing CR bit re- 
spectively. 


The counter can be accessed by the CPU through the 
CH/CHI (Counter High) and CL/CLI (Counter Low) 
Special Function Registers. Reading is allowed at any 
time. However, writing to the PCA counters is inhibit- 
ed while the counters are running. 


Overflow of the PCA counter sets the CF/CFI flag in 
the CCON/CICON Register, and causesan interrupt if 
enabled by the ECFIECFI bit of the CMOD/CIMOD 
Register. 


The PCA will continue to run during the Idle power 
saving mode unless the CIDL/CIDLI 
bit of the 
CMOD/CIMOD 
Register is set. 


16-81T 
OUTPUT 
TO 
REG/COlo4 
1040DULES 
tt ... tt 


The PCA has fiveRegister/Comparator Modules. Each 
Register/Comparator 
Module can be independently 


configured to provide Input Capture, Output Compare, 
or Pulse Width Modulation (PWM) functions. The ba- 
sic structure is shown below. 


The Compare/Capture Registers are accessed through 
the CCAPnH/CICAPnH 
and CCAPnL/CICAPnL 


SpecialFunction Registers. They can be read or written 
at any time. The five CCAPMn/CICAPMn 
Special 


Function Registers select the modes of operation for 
their corresponding Register/Comparator Modules. 


In the Input Capture mode a I-to-Oor O-to-I transition 
at the CEXn/CIEXn 
pin generates a capture strobe 


which sets the status bit CCFn/CICFn 
and stores the 


current value of the PCA Counter into the nth Com- 
pare/Capture 
Register. This mode allows the time 


when an external event occurs to be recorded with a 
resolution equal to the period of the Counter Module 
input clock. In this mode, the accuracy of timing mea- 
surement is not affected by interrupt latency. 


fosc/12--. 


fosc/4--. 


10 
OVERfLOW 
--. 
P1.2--. 


.•• RUN 
CONTROL 


OVERfLOW 


~ 
(CCON) 


~ 
(CCON) 


~ 
(C1040D) 


~ 
(C1040D) 


~ 


.•• IDLE CONTROL 


.•• INPUT 
SELECT 


16-81T 
OUTPUT 
TO 
REG/COlo4 
1040DULES 
tt ... tt 


fosc/12---1~ 


fosc/ 
4 ---I~ 


T0 
OVERfLOW---I~ 


P1.2---1~ 


T1 
OVERfLOW---I~ 


P4.2---1. 


T2/P1.7 
---I~ 


• 
RUN 
CONTROL 


OVERfLOW 
COUNTER 
1o40DULE (CH 1 ,CLl 
) 
~ 


• 
IDLE CONTROL 


• 
INPUT 
SELECT 


~ 
(CICON) 
§:J 
(CICON) 


~ 
(C1040Dl) 


ICl PSx I 
(C1040Dl) 
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STATUS 
~ 


COMPARE!CAPTURE 
REGISTER 
~ IDLE CONTROL 
(CCAPnH,CCAPnL)! 
(CCAPI 
nH,CCAPl 
nL) 


~ MODE CONTROL 


COMPARATOR 


(Pl.y! 
P4.y) ..--.1 
(CEXn!Cl 
EXN) 


tt ... tt 
16-BIT 
INPUT FROM 
COUNTER 
MODULE 


ICCFn I 
(CCON)! 
(CICON) 


r::=-1 (CMOD)! 
~ 
(CMOD1) 


ECOMn 
CAPPn 
CAPNn 
MATn 
TOGn 
PWMn 
ECCFn 


n =0 to 4 


(CCAPMn)! 


(CCAP1Mn) 


In the Output Compare mode the co::nparator continu- 
ously compares the contents of the Compare/Capture 
register with the PCA Counter. When the register con- 
tents equal the PCA Counter, the CCFn!ClCFn 
bit is 


set and, if the TOGn/TOG In bit is set high, the corre- 
sponding CEXn output pin is toggled. If TOGn is set 
low, then the CEXn pin is unaffected, providing a soft- 
ware timer without tying up a port pin. The Output 
Compare mode allows the timing of output transitions 
with a resolution equal to the period of the Counter 
Module input clock. In addition, ac·curate delays be- 
tween input events and output events can be set up 
using the Input Capture mode for the input event and 
the Output Compare mode for output. 


In the PWM mode the comparator continuously com- 
pares the low byte of the Compare/Capture 
register 


with the low byte of the PCA Counter. When the low 
byte of the register equals the low byte of the counter, 
the CEXn/ClEXn 
output pin is set high. When the low 


byte of the counter overflows, the output pin is set low. 
The duty cycle of the output waveform is directly pro- 
portional to the value contained in the Compare/Cap- 
ture Register. The duty cycle may be changed at any 
time by writing to the high byte of the Compare/Cap- 
ture Register. In the PWM mode, th,: high byte of the 


Compare/Capture 
Register serves as a buffer to pro- 


vide glitch-free PWM waveform generation. The fre- 
quency of the output waveform is the input clock rate 
of the PCA Counter divided by 256. 


PCA WATCHDOG 
TIMER 


In addition to the hardware Watchdog Timer that ex- 
ists on the 8OC5lGB, there is a programmable frequen- 
cy Watchdog Timer in the PCA that operates off of 
Module 4. When Module 4 is in Watchdog Timer 
mode, every time the count in the PCA matches the 
value stored in compare/capture 
module 4, a reset will 


internally occur. This reset does NOT drive the user 
RESET pin. The PCA Module 4 enters this mode when 
the WDTE bit is set in the CMOD register of PCA. 
This mode is not implemented on PCA 1. 


With this additional Watchdog Timer the user can cus- 
tomize the number of machine cycles that should elapse 
before his software will clear the Watchdog Timer in 
the PCA. This would be done if the user desired fewer 
possible machine cycles that the part could execute in a 
software run away mode, before the Watchdog Timer 
would reset the part. 


Bit 
Name 
MSB 
LSB 


7 
6 
5 
4 
3 
2 
1 
0 


CCON 
CF 
CR 
- 
CCF4 
CCF3 
CCF3 
CCF1 
CCFO 


CMOO 
CIOL 
WOTE 
- 
- 
- 
CPS1 
CPSO 
ECF 


CCAPMn 
- 
ECOMn 
CAPPn 
CAPNn 
MATn 
TOGn 
PWMn 
ECCFn 


C1CON 
CF1 
CR1 
CAE 
C1CF4 
C1CF3 
C1CF3 
C1CF1 
C1CFO 


C1MOO 
CIOL1 
- 
- 
- 
C1PS2 
C1PS1 
C1PSO 
ECF1 


C1CAPMn 
- 
E1COMn 
CAP1Pn 
CAP1Nn 
MAT1n 
TOG1n 
PWM1n 
E1CCFn 
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CF/CF1 
Counter 
Flag. This bit is set high by hardware 
when the PCA Counter overflows. 


CR/CR1 
Counter I~un. When high, this bit enables 
incrementing 
of the PCA counter 
by its clock 
input. (CH1 is the same as CR when CRE is low. When CRE is high, CR and CR1 are 
ANOed te>derive "counter 
run" for PCA 1. See below. 


CRE 
CR enab e. When high, PCA 1 counter 
incrementing 
is enabled when both CR and CR1 
are high and is disabled 
when anyone 
of them is low. When CRE is low, CR has no 
control 
over PCA 1 counter 
and the counter 
is controlled 
only by CR 1. 


CCF4-0 
Capture Compare 
Flags. These five bits correspond 
to the five Register/Comparator 
Modules. When a capture or comparison 
match occurs in one of the Register / 
Comparator 
Modules, 
the corresponding 
CCFn bit is set high. 


CIOL 
When se·t by software, 
the clock input to the PCA and PCA 1 counter 
is disabled 
during 
the Idle power reduction 
mode. When this bit is low, the PCAs operate during Idle. 


WOTE 
PCA Watchdog 
Timer enable bit. When set, a match signal of Register/Comparator 
Module 4 causes an internal reset. In order to use Register/Comparator 
Module 4 as a 
watchdoll 
timer the operating 
mode should be 16-bit software 
timer mode or high 
speed output mode. When WOTE is clear Register/Comparator 
Module 4 of PCA does 
not effect the Reset of the 80C51 GB. 


CPS1-2 
Counter Pulse Select. These bits select the clock input for the PCA counter. 


CPS1 
CPSO 
Selected 
PCA Input 


0 
0 
Crystal oscillator 
divided by 12 (Fosc/12) 
0 
1 
Crystal oscillator 
divided by 4 (Fosc/4) 
1 
0 
Timer 0 overflow 
1 
1 
External Clock input on P1.2 pin (Fosc/8 
max.) 


CPS2 
CPS1 
CPSO 
Selected 
PCA1 Input 


0 
0 
0 
Crystal oscillator 
divided by 12 (Fosc/12) 
0 
0 
1 
Crystal oscillator 
divided by 4 (Fosc/4) 
0 
1 
0 
Timer 0 overflow 
0 
1 
1 
External clock input on P1.2 pin (Fosc/8 
max.) 
1 
0 
0 
Same as 000, not to be used. 
1 
0 
1 
External clock input on T2/P1.0 
pin (Fosc/8 
max.) 
1 
1 
0 
Timer 1 overflow 
1 
1 
1 
External clock input on P4.2 pin (Fosc/8 
max.) 


ECF/ECF1 
This bit enables 
an interrupt 
on counter 
overflow. 
This bit does not affect the CF status 
bit in the PCA Control 
Register. 


ECOMn/E1COMn 
Enable Comparator. 
This bit when set high enables the comparator 
of the nth 
Register/Comparator 
Module. It is automatically 
reset when the CCAPnL register is 
written and set when the CCAPnH register is written, thereby suppressing 
unwanted 
comparator 
matches 
while the 16·bit Compare/Capture 
Register 
is being loaded. 


CAPPn/C1APPn 
Capture 
Positive. This bit when set high enables 
Input Capture by a positive transition 
on the ntt" CEX pin. When this bit is low Input Capture by the positive transition 
is 
disabled. 


CAPNn/CAP1 
Nn 
Capture 
f\ egative. This is identical 
to CAPPn except that it enables 
Input Capture on 
negative 
transitions. 
Both CAPPn and CAPNn may be set to enable 
Input capture 
on 
both positive and negative transitions. 


MATn/MAT1n 
Match. This bit when set high enables 
setting the nth CCF bit by a match in the 
corresponding 
Comparator. 
When this bit is set low the CCF bit is not set by a match. 
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TOGn/TOG1n 
Toggle. This bit when set high enables toggling 
the nth CEX pin by a match in the 


corresponding 
Comparator. 
When this bit is set low the CEX pin is not toggled 
by a 
match. 


PWMn/PWM1n 
Pulse Width Modulation 
mode. When set high, this bit configures 
the nth Register / 
Comparator 
Module for the PWM mode. 


ECCFn/E1CCFn 
Enable CCF interrupt. 
When set high, this bit enables the CCF bit to generate 
an 
interrupt 
request. The ECCF bit has no affect on the CCF bit itself. 


The CCA PMn/CCAP1 
Mn registers 
should be programmed 
as follows 
to configure 
the Register/Comparator 
Module. 


C 
clM 
T 
P 
E 


A 
A 
A 
0 
W 
C 
Operating 
Mode 
P 
P 
T 
G 
M 
C 
P 
N 
n 
n 
n 
F 
(Same for PCA 1) 


n 
n 
n 


0 
0 
0 
0 
0 
0 
No operation 


1 
0 
0 
0 
0 
X 
Input Capture with positive edge 


0 
1 
0 
0 
0 
X 
Input Capture with negative 
edge 
1 
1 
0 
0 
0 
X 
Input Capture with both edges 


0 
0 
1 
0 
0 
X 
Software 
Timer 
0 
0 
1 
1 
0 
X 
Output Compare 


0 
0 
0 
0 
1 
0 
PWM 


The 8OC5lGB contains three general purposes, l6-bit 
timer/counters. 
Each can be configured to operate in a 


variety of modes as described below. 


Timer 0 - Timer 0 can be configured to operate as either 
a timer or an event counter. The timer or counter func- 
tion is selected by the CITO bit of the TMOD Special 
Function Register. When CITO is low, Timer 0 is incre- 
mented every machine cycle. Since a machine cycle 
consists of 12 oscillator clocks, the clock rate is 1/12 
the crystal oscillator frequency. When CITO is high, 
Timer 0 is incremented by l-to-o transitions at the TO 
pin. Incrementing of Timer 2 is enabled by the TRO bit 
of the TCON Register, the GATED bit of the TMOD 
Register, and the INTO pin. When the GATE bit is 
low, Timer 0 is enabled solely by the TRO bit. When the 
GATE bit is high, Timer 0 is enabled by the TRO bit 
and gated by the INTO pin. When Timer 0 overflows, it 
sets the TFO bit of the TCON Regi:;ter, and generates 
an interrupt request if enabled by the ETO bit of the IE 
Special Function Register. The 16-bit Timer 0 Register 
is accessible through the THO and TLO Registers. The 
high byte is accessed through THO, and the low byte 
through TLO. The MlO and M20 bits of the TMOD 
Register select one of four operating modes for Timer O. 


Timer 1- Timer I is identical to Timer 0 except that in 
Mode 3, Timer 1 simply holds its count value. The 
effect is the same as setting the TRI bit low. In addi- 


Mode 0 
Timer 0 is configured 
as an 8-bit timer 
(TLO) with a module 32 prescaler 
(THO). 


Mode 1 
Timer 0 is configured 
as a 16-bit timer. 


Mode 2 
Timer 0 is configured 
as an 8-bit timer 


(TLO) with automatic 
reload from THO 


on overflow. 


Mode 3 
Timer 0 is configured 
as two 8-bit 


timers with TLO controlled 
by the Timer 


o control 
bits, and THO controlled 
by 


the Timer 1 control 
bits. This mode is 


useful when Timer 1 is used as the 
Serial Port baud rate generator. 


tion, Timer I can be selected to serve as the baud rate 
generator for the serial port. Mode 2 is most useful for 
this purpose. Timer 1 has its own independent set of 
controls and registers (ie. TRl, TR2, GATEl, 
ClTl, 


MIl, MOl, THl, TLl, Tl, INTl, and ETl). 


Timer 2 - Like Timer 0 and Timer 1, Timer 2 has sever- 
al programmable modes. The CIT2, TR2, TF2, and 
ET2 control bits are similar to the corresponding bits in 
the other two timers. Timer 2 has three operating 
modes: Capture, Auto-Reload, and Baud Rate Genera- 
tor. The CP1RL2, RCLK, 
and TCLK 
bits in the 


TCON Register select the operating mode. Timer 2 
may be selected to serve as the baud rate generator for 
the serial port. 
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Timer 2 Capture Mode - In the Ca.pture mode, Timer 2 
operates as an upcounter 
with 
! capture strobe. A 


I-to-O transition on the T2EX pin causes the current 
value of Timer 2 (TIH, T2L) to be captured into the 
Reload/Capture 
Registers 
(RCAP2H,RCAP2L). 
In 


addition, the transition at T2EX sc:tsthe EXF2 bit, and 
overflow of Timer 2 sets the TF2 bit. Either bit can 
cause an interrupt request if enabled by ET2. 


Timer 2 Auto-Reload Mode - In tbe Auto-reload mode, 
Timer 2 can be configured as an upcounter with a re- 
load strobe, or as an up/down counter. The DCEN bit 
selects between the two modes. 


When DCEN is low, Timer 2 is ,;onfigured as an up- 
counter which is reloaded with the value of the Reload/ 
Capture Register (RCAP2H,RCAP2L) 
when Timer 2 


overflows or when a I-to-O transition occurs on the 
T2EX pin (if enabled by EXEN). As in the Capture 
mode, the transition at T2EX sets the EXF2 bit and 
overflow of Timer 2 sets the TF2 bit. Either bit can 
cause an interrupt request if enabled by ET2. 


When DCEN is high, Timer 2 is <:onfiguredas an up/ 
down counter, with T2EX detennining 
the counting 


direction. When T2EX is high Timer 2 counts up and is 
reloaded with the contents of the Reload/Capture 
reg- 
ister upon overflow (ie. when Timer 2 = FFFFH). 
When T2EX is low Timer 2 counts down and is reload- 
ed with FFFFH 
upon overflow (ie. when Timer 2 = 


Reload/Capture). 
Overflow of Timer 2 sets the TF2 bit 


and inverts the EXF2 bit. Either bit can cause an inter- 
rupt request if enabled by ET2. 


Timer 2 Baud Rate Generator Mode - The Baud Rate 
Generator mode is similar to the Auto-Reload mode in 
that Timer 2 is configured as an upcounter and is re- 
loaded on overflow. However when C/T2 is low, Timer 
2 is incremented at '/. the oscillator frequency instead 
of 1/12 as in the other modes. In this mode overflow 
does not set the FT2 bit and does not generate interrupt 
requests. If EXEN2 is set, a I-to-O transition on the 
T2EX pin will set the EXF2 bit and can generate an 
interrupt request. However, in this mode T2EX will not 
cause a reload. Thus when Timer 2 is used as a baud 
rate generator, T2EX can be used as an external inter- 
rupt. In this mode, the T2H, T2L, RCAP2H, 
and 


RCAP2L Registers should not be read or written while 
Timer 2 is running. They can be accessed if Timer 2 has 
been stopped by setting the TR2 bit low. 


Bit 
Name 
MSB 
LSB 


7 
6 
5 
4 
3 
2 
1 
0 


TCON 
TF'! 
TR1 
TFO 
TRO 
IE1 
IT1 
IEO 
ITO 


TMOD 
GAT=:1 
C/T1 
M11 
M01 
GAT EO C/TO 
M10 
MOO 


T2CON 
TF:1 
EXF2 
RCLK 
TCLK 
EXEN2 
TR2 
C/T2 
CP/RL2 


T2MOD 
- 
- 
- 
- 
- 
- 
- 
DCEN 


IE 
EA 
EC 
ET2 
ES 
ET1 
EX1 
ETO 
EXO 


TF1 
Timer 1 over1low Flag. This bit is set by hardware 
when Timer 1 overflows. 
It is cleared 


by hardware 
when the processor 
vectors 
to the Timer 1 interrupt 
routine. 


TR1 
Timer 1 Run l:ontrol 
bit. This bit is set or cleared 
by software 
to control 
incrementing 
of 


Timer 1. When TR1 is low, incrementing 
of Timer 1 is disabled. 


TFO 
Timer 0 overflow 
Flag. This bit is set by hardware 
when Timer 0 overflows. 
It is cleared 


by hardware 
when the processor 
vectors 
to the Timer 0 interrupt 
routine. 


TRO 
Timer 0 Run c:ontrol bit. This bit is set or cleared 
by software 
to control 
incrementing 
of 


Timer O.When TRO is low, incrementing 
of Timer 0 is disabled. 


IE1 
See INTERRUPTS 
section. 


IT1 
See INTERRUPTS 
section. 


IEO 
See INTERRUPTS 
section. 


ITO 
See INTERRUPTS 
section. 


GATE1 
Gating controll:it. 
When set by software 
incrementing 
of Timer is gated by the INT1 
pin. When GATE1 is low INT1 does not affect operation 
of Timer 1. 


C/T1 
Counter or TimElr select bit. When set by software 
Timer 1 is configured 
as an event 
counter 
(incremented 
by 1-to-O transitions 
on the T1 pin). When C/T1 
is low, Timer 1 
is configured 
as a timer (incremented 
once each machine cycle). 


M11-01 
Mode control 
bits. These two bits are set by software 
to select the mode of operation 
for Timer 1. 


M11 
M01 
Timer 1 
Mode 


0 
0 
MODE 0 
0 
1 
MODE 1 
1 
0 
MODE 2 
1 
1 
MODE 3 


GATEO 
Gating control 
bit. When set by software 
incrementing 
of Timer is gated by the INTO 
pin. When GATEO is low INTO does not affect operation 
of Timer O. 


C/TO 
Counter or TimElr select bit. When set by software 
Timer 0 is configured 
as an event 
counter 
(incremented 
by 1-to-O transitions 
on the TO pin). When C/TO is low, Timer 0 
is configured 
as a timer (incremented 
once each machine 
cycle). 


M10-00 
Mode control 
bits. These two bits are set by software 
to select the mode of operation 
for Timer O. 


M10 
MOO 
Timer 0 


- 
Mode 


0 
0 
MODE 0 
0 
1 
MODE 1 
1 
0 
MODE 2 
1 
1 
MODE 3 


TF2 
Timer 2 overflow 
flag. This bit is set by hardware 
when Timer 2 overflows 
in the 
Capture or Auto-Reload 
modes. This bit is not set in the Baud Rate Generator 
mode. It 
can initiate an interrupt 
request if enabled. 
Since TF2 is not cleared 
by hardware, 
it 
should be cleamd 
by software 
in the Timer 2 interrupt 
routine. 


EXF2 
Timer 2 External 
Flag. This bit is set by hardware 
when a capture 
or reload is caused 
by the T2EX pin. It can initiate an interrupt 
request if enabled. 
EXF2 is not cleared 
by 
hardware, 
so it Hhould be cleared 
in the Timer 2 interrupt 
routine. 


RCLK 
Receive Clock bit. This bit is set by software 
to allow Timer 2 to serve as the baud rate 
generator 
for thl3 Serial Port Receiver, 
and configures 
Timer 2 for the Baud Rate 
Generator 
modo. 


TCLK 
Transmit 
Clock 
Dit.This bit is set by software 
to allow Timer 2 to serve as the baud 
rate generator 
for the Serial Port Transmitter, 
and configures 
Timer 2 for the Baud 
Rate Generator 
mode. 


EXEN2 
Timer 2 External 
Enable. This bit is set by software 
to enable T2EX to cause a capture 
or reload of Timer 2. When EXEN2 is low T2EX has no-affect 
on Timer 2. 


TR2 
Timer 2 Run control 
bit. This bit is set or cleared 
by software 
to control 
incrementing 
of 
Timer 2. When TR2 is low, incrementing 
of Timer 2 is disabled. 
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C/T2 
Counter or Timer select bit. When this bit is set by software 
Timer 2 is configured 
as 
an event C':lunter (incremented 
by 1-to-O transitions 
on the T2 pin). When C/T2 
is low, 
Timer 2 is l:onfigured 
as a Timer, incremented 
once each machine 
cycle in Capture 
and Auto-Fleload 
modes, or incremented 
at % the crystal frequency 
in the Baud Rate 
Generator 
mode. 


CP/RL2 
Capture/Reload 
control 
bit. When RCLK and TCLK are both low, CP/RL2 
selects 
between 
ttle Capture and Auto-Reload 
modes. When CP/RL2 
is high, the Capture 
mode is selected. 


DCEN 
Down Count Enable. This bit is set by software 
to enable up/down 
counting 
in the 
Auto-reload 
mode. 


RCLK 
TCLK 
CR/RL2 
Timer 2 Mode 


0 
0 
0 
Auto-Reload 
Mode 


0 
0 
1 
Capture Mode 


0 
1 
X 
Baud Rate Generator 
Mode 
1 
0 
X 
Baud Rate Generator 
Mode 
1 
1 
X 
Baud Rate Generator 
Mode 


EA 
See INTERRUPTS 
section. 


EC 
See INTERRUPTS 
section. 


ES 
See INTERRUPTS 
section. 


EX1 
See INTERRUPTS 
section. 


EXO 
See INTERRUPTS 
section. 


ET2 
Enable Timer 2 interrupt. 
This bit is set by software 
to enable an interrupt 
request from 
Timer 2. 


ET1 
Enable Timer 1 interrupt. 
This bit is set by software 
to enable an interrupt 
request from 
Timer 1. 


ETO 
Enable Timer 0 interrupt. 
This bit is set by software 
to enable an interrupt 
request from 
TimerO. 


The 8OC51GBcontains a dedicattrl Watchdog Timer to 
allow recovery from a software 'upset. The Watchdog 
Timer consists of a 14-bit counter which is cleared on 
Reset, and subsequently incremented every machine cy- 
cle. The counter may be reset by writing IEH and EIH 
in sequence to the WDTRST Special Function Regis- 
ter. If the counter is not reset before it reaches 16383 
(all 14 bits equal I), the chip will be forced into a reset 
sequence by the Watchdog Timer The Watchdog Tim- 
er will not drive the external reset pin. 


The relation between the Watchdog Timer and Power 
Reduction Modes deserves some :lpecial attention. The 
Watchdog Timer continues to count while the part is in 
IDLE mode. This means that the user must dedicate 
some internal 
or external hardware 
to service the 


Watchdog during Idle. One way to service the Watch- 
dog Timer would be to use one of the hardware timer/ 
counters on the 8OC5IGB. The user could reset the 
timer/counter 
and enable interrupts to occur on the 


overflow of the timer/counter. 
The interrupt 
service 


routine could then clear the Watchdog Timer, reload 
the timer/counter 
for the next service period of the 


Watchdog Timer, and then put the part back into Idle. 
These activities are cumbersome for the Idle mode user 
but it is necessary to retain a Watchdog Timer that has 
the least probability of failing by inadvertantly getting 
disabled. 


The Power Down mode stops all Phase clocks. This 
means that the Watchdog Timer will stop counting and 
hold its count during Power Down Mode. The Watch- 
dog will resume 
counting 
from 
where it left off 
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at the onset on the Power Down modes; if the Power 
Down mode is terminated by INTO/INTi. 
The Watch- 
dog Timer will be cleared and re:mme count from zero 
if the Power Down mode is terminated by a reset. 


2.6 Oscillator 
Fail Detec:tion and RFI 
Reduction 
Mode 


The 8OC5lGB contains circuitry which monitors the 
crystal oscillator frequency. If th,~oscillator frequency 
falls below the normal operating range, the Oscillator 
Fail Detection circuitry will hold the 80C5lGB in the 
Reset state. The trigger frequency for the detection cir- 
cuit is not fixed precisely due to manufacturing toler- 
ances. It can range from appro:dmately 20 KHz to 
500 KHz. 


To enable the user to retain the use of the Power Down 
Mode, which turns off all phase c1ocks,a disable mode 
must be available for the oscillator fail detection. To 
ensure that the oscillator fail does not get disabled dur- 
ing software runaway the user mllst write an EIH im- 
mediately followed by a IEH to OFDDIS register in 
order to disable the Oscillator Fail Detect Function. 
The status of this write can be I1:ad in the Oscillator 
Fail Detect Disable register bit O. If this bit is set the 
Oscillator Fail Detect has been disabled. The Oscillator 
Fail Detect is enabled on chip re:;et via the reset pin, 
the Watchdog Timer, or by a reset from itself. It is also 
renabled when exiting from the Power Down with 
INTO/INTI 
or Reset. The OFDDIS register will read 
FEH when the Oscillator Fail Do~tectis enabled and 
will read FFH when it is disabled. 


A write to the Oscillator ,Fail Det,~ct Register will not 
affect the status of the register. A I1ladfrom the register 
will show its value. A "MOV OSCDIS," will not set 
the bit 0 in the Oscillator Fail Detect Register. Setting 
the bit 0 in this register can only be done by writing the 
EIH and IEH sequence to the Reg.ster. Clearing of the 
bit can only be done by a reset or INTOIINTI 
when 
exiting from Power Down. 


The 8OC5lGB contains an RFI reduction mode that is 
useful in applications that are using no external memo- 
ry. The RFI reduction mode is entered by setting the 
RFI bit in the Auxiliary Register. This will prohibit the 
toggling of ALE pin. ALE pin will noat high by a weak 
pullup after being charged to a high level by a strong 
device off of reset. The MOVX instruction will still tog- 
gle ALE as a normal MOVX. ALE will retain its nor- 
mal high value during idle mode and a low value during 
power down while in the RFI reduc:tion modes. 


OSCILLATOR 
FAIL DETECT 
AND RFI SPECIAL 
FUNCTION 
REGISTERS 


Name 
MSB 


AUXR 
OSCR 


LSB 


RFI 
OFDT 


RFI 
This bit is set by software 
to enable the 
RFI reduction 
mode. This bit is cleared 
on 
reset. 


OFDT 
This bit is set by writing to the Oscillator 
fail detect register. This bit is read by 
doing a MOV from the OSCR. A write to 
the OSCR will have no effect on this bit. 
This is a status bit to ensure that the 
Oscillator 
Fail Detect has been disabled 
by the proper 1E followed 
by an E1 write 
sequence 
to the Oscillator 
Fail Detect 
register. This register bit is cleared 
on 
reset. To clear the bit the part must be 
reset because writes are prohibited 
by 
hardware. 


The 8OC5lGB contains two serial I/O ports. One serial 
port is a full-duplex asynchronous port and the other is 
a half-duplex synchronous serial communication port. 


The 8OC5lGB contains a full-duplex, asynchronous se- 
rial I/O port. Its transmit and receive operations can 
occur simultaneously, and at different baud rates. How- 
ever, the transmitter always operates in the same mode 
as the receiver. The receiver channel is buffered, allow- 
ing reception of a second byte before the previously 
received byte has been read. The serial port provides 
framing error detection and support for multiprocessor 
communication. 


Serial transmission is initiated by writing the SBUF 
register. The TI bit of the SCON register, which pro- 
vides status on the transmitter, is set by hardware after 
the last data bit has been transmitted. 


The serial port receiver is enabled by the REN bit. The 
RI bit, which provides status on the receiver, is set by 
hardware after the last data bit has been received. The 
received data can be read from the receiver by reading 
the SBUF register. The TI and RI bits can request an 
interrupt 
if enabled by the ES bit of the IE Special 
Function Register. 
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The serial port supports one synchronous mode and 
three asynchronous modes. Modf: selection is accom- 
plished by the SMI and SMObits of the SCON Special 
Function Register. 


MODE 0 - Mode 0 is a half-duplex synchronous mode 
in which the serial port provides a shift clock as well as 
serial data. The shift clock is supplied on the P3.11 
TXD pin, and serial data enters or exits through the 
P3.0IRXD. 
The 8 data bits are transmitted 
and re- 
ceived LSB fIrSt. The baud rate is fixed at 1112 the 
oscillator frequency. Transmission is initiated when the 
SBUF register is written. Reception is initiated by set- 
ting the REN bit of the SCON re!~ster. 


MODE 
1 - Mode I is a full-duplex, asynchronous 
mode. The serial frame consists of 10 bits, a start bit, 8 
data bits, and a stop bit. The P3.0/RXD pin is used for 
reception, and the P3.IITXD 
pin :isused for transmis- 


sion. On receive, the stop bit goes into the RB8 bit of 
the SCON register. The baud rate is generated by the 
overflow of Timer I or Timer 2. 


MODES 2 and 3 - These modes are full-duplex, asyn- 
chronous modes. The serial frame ,;onsists of 11 bits, a 
start bit, 8 data bits, a programmable 9th bit, and a stop 
bit. On transmit, the 9th data bit can be assigned by 
writing the TB8 bit in the SCON register. This bit can 
be used for parity or a command/data 
flag. On receive, 
the 9th bit goes into the RB8 bit in the SCON register. 
In mode 2, the baud rate is programmable to either '/3' 
or '/•• of the oscillator frequency. In mode 3, the baud 
rate is generated by the overflow of Timer 1 or Timer 2. 


FRAMING 
ERROR 
DETECTION 
- Framing error 
detection is provided in the three asynchronous modes. 
Framing 
error 
detection 
is enab.led by setting the 
SMODO bit in the PCON register. SMODO is cleared 
by reset to maintain compatibility with the 8OC51. 
When framing error detection is enabled, the SMObit 
in the SCON register is replaced with the framing error 
status bit FE. After a frame has be<:nreceived the stop 
bit is checked. If it is invalid (low), the FE bit is set. 
Otherwise, the FE bit retains its previous value. 


MULTIPROCESSOR 
COMMUNICATION 
- The 


serial port supports configuration 
3S a slave processor 


in an environment 
where multiple slave processors 
share a single serial line. The serial port supports differ- 
entiation of data and command frames, and recognition 
of slave and broadcast addresses. The SM2 bit in the 
SCON register enables the receiver to ignore frames 
which have the 9th bit cleared (ie. data frames destined 
for another slave). The SM2 bit also enables the receiv- 
er to check frames which have the 9th bit set (ie. com- 
mand frames which select the next destination slave or 
slaves) for an address match. When the received com- 
mand frame matches the slave address or the broadcast 
address, the RI bit is set and an interrupt is requested if 
enabled by ES. The received frame may then be read 
from SBUF. The slave and broadcast addresses may 
contain don't care bits which are masked off during 
address comparisons. Don't-care 
bits in the slave ad- 
dress are defined by zeros in the SADEN register. The 
remaining bits of the slave address are defined by the 
SADDR register. Don't-care bits in the broadcast ad- 
dress are defined by zeros in the result of the logical OR 
of the SADEN and SADDR registers. The remaining 
bits of the broadcast address are logic ones. 


SAOOR contains 
1010 1010 


SAOEN 
contains 
1111 1100 


1010 10XX becomes 
slave address 


1111 111 X becomes 
broadcast 
address 


BAUD RATE GENERATION 
- In modes 1 and 3, the 
serial port baud rate is generated by the overflow of 
Timer 1 or Timer 2. Timer 1 is the default baud rate 
generator for both the transmitter 
and the receiver. 


However, Timer 2 can be selected a.s the transmitter 
baud rate generator, the receiver baud rate generator, 
or both. This selection is made by setting the RCLK 
and TCLK bits of the TICON register as follows: 


Table 12. Baud Rate Generator Selection 


RCLK 
TCLK 
Receiver 
Baud 
Transmitter 
Baud 
Rate Generator 
Rate Generator 


0 
0 
Timer 
1 
Timer 
1 


0 
1 
Timer 
1 
Timer 2 


1 
0 
Timer 2 
Timer 
1 


1 
1 
Timer 2 
Timer 2 


SERIAL PORT SPECIAL FUNCTION REGISTERS 


Table 13. Bit Assignments 


Name 
MSB 
LSB 


SCON 
FE 
SM1 
8M2 
REN 
TBB 
RBB 
TI 
RI 
(SMOOO = 1) 


SCON 
SMO 
SM1 
8M2 
REN 
TBB 
RBB 
TI 
RI 
(SMOOO = 0) 


PCON 
SMOO1 
SMOOO 
- 
POF 
GF1 
GFO 
PO 
IDL 


IE 
EA 
- 
ET2 
ES 
ET1 
EX1 
ETO 
EXO 
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FE 
Framing Error bit. This bit is set by the receiver when an invalid stop bit is detected. 
The FE 


bit is not cleared 
by valid frames. 
It should be cleared 
by software. 
The SMOD1 bit in the 
peON 
register mu:,t be set to enable access to the FE bit. 


SMO-1 
Serial port Mode. These two bits are set by software 
to select the mode of operation 
for 
the serial port. 


SMO 
SM1 
Serial Port 
Mode 


0 
0 
MODE 0 
0 
1 
MODE 1 
1 
0 
MODE2 
1 
1 
MODE 3 


SM2 
Serial port Mode. This bit is set bY..$oftware to enable the multiprocessor 
communication 


features. 
SM2 enables differentiation 
of data and command 
frames, and recognition 
of 
slave and broadcast 
addresses. 


REN 
Receiver 
Enable. --his bit is set by software 
to enable the serial port receiver. 


TB8 
Transmit 
Bit 8. Thi, 
bit is set by software 
to specify the 9th data bit that will be transmitted 
in Modes 2 and 3. 


RB8 
Receiver 
Bit 8. This bit is loaded by the receiver with the 9th data bit received 
in Modes 2 
and 3, or with the stop bit in Mode 1. 


TI 
Transmitter 
Interrupt. This bit is set by the transmitter 
after the last data bit of a frame has 
been transmitted. 
It is not cleared 
by hardware. 


RI 
Receiver 
Interrupt. This bit is set by the receiver after the last data bit of a frame has been 
received. 
It is not cleared 
by hardware. 


SMOD1 
Serial port Mode. This bit is set by software 
to enable detection 
of framing errors. 


SMODO 
Serial port Mode. This bit is set by software 
to double the baud rate when Timer 1 is used 


--asthe baud rate generator. 


POF 
See section 
2.1 0 on Power Reduction 
Modes 


GF1 
See section 
2.10 w Power Reduction 
Modes 


GF2 
See section 
2.10 e,n Power Reduction 
Modes 


PD 
See section 
2.10 en Power Reduction 
Modes 


IDL 
See section 
2.10 en Power Reduction 
Modes 


EA 
See section 
2.9 on Interrupts 


ET2 
See section 
2.9 or Interrupts 


ES 
Enable Serial port interrupt. This bit is set by software 
to enable serial port interrupt 


requests. 


ET1 
See section 2.9 on Interrupts 


EX1 
See section 2.9 on Interrupts 


ETO 
See section 2.9 on Interrupts 


EXO 
See section 2.9 on Interrupts 


The 8OC51GBcontains a half-duplex, synchronous se- 
rial 
interface 
protocol. 
Thl~ 
SEPIO/P4.1 
and 
SEPCLK/P4.0 are the pins that are used to communi- 
cate read/write operations to peripheral devices. 


Serial transmission is initiated by the writing to the 
SEPDAT register. Serial reception is initiated by set- 
ting the SPREN bit in the SEPCON register. 


The SEP has a programmable dock output pin. The 
clock frequency, latching edge and clock idle state is 
programmable by the user. 


The clock frequency is programmed by SEPSI and 
SEPSOas shown below. 


SEPS1 
SEPSO 
XTAL 
Divide By 


0 
0 
12 
0 
1 
24 
1 
0 
48 
1 
1 
96 


The divisor yields clock frequenc:iesof 1333, 666, 333 
and 166KHz at 16MHz XTAL operation. The Clock 
phase select is used to select the sampling edge of the 
data and the output edge of data.. When CLKPHA is 
zero the SEP changes data on thl~second phase of the 
clock and samples data on the first phase of the clock. 
The data shift and sample point!. are reversed for the 
SEP when CLKPHA is set to '1. 


ty. When set to '0 the quiescent state of the SEPCLK is 
an output low. When Set to '1 the quiescent state of the 
SEPCLK is an output high. By using the CLKP and 
CLKPHA bits the user can select one of four master 
clock definitions. 


A write transaction is initiated by writing to the SEP 
data reg with the SEPREN bit set to '0. This will start 
the clock logic and begin the shifting out of the con- 
tents of the SEP data reg MSBfirst for 8 bits. A read to 
the SEP is done by simply setting the SEPREN bit in 
the SEPCON. This initializes the SEPCLK to begin 
shifting and start the loading of the SEP data reg. 


Depending on the value of the SEPIE bit in the SEP- 
CON register an interrupt can be forced at the end of a 
read/write cycle but the SEPIF bit will always be set in 
the SEPSTAT Register. 


Serial Expansion 
Port Fault Modes 


The SEP has two fault mode bits. The SEPFWR bit is 
set when a read/write transaction is attempted while a 
write transaction is in progress. The write transaction 
in progress will complete. The attempted read/write 
that caused the fault will be ignored by the SEP. 


The SEPFRD bit is set when a read/write transaction 
is attempted while a read transaction is in progress. The 
read transaction in progress will complete. The at- 
tempted read/write that caused the fault will be ig- 
nored by the SEP. 


THREE - STATE ( 
tolSB 
}( .•• 
.1 "' 
.1 .•• 
•.•••><: ..... 
~ 
LSB 
) THREE - STATE 


DATA SAtolPLED -L- 
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Bit 
Name 
MSB 
I 
LSB 


7 
6 
5 
4 
3 
2 
1 
0 


SEPSTAT 
- 
- 
- 
SEPFWR 
SEPFRO 
SEPIF 


SEPCON 
- 
- 
SEPE 
SEPREN 
CLKP 
CLKPHA 
SEPS1 
SEPSO 


SEPOATA 
07 
06 
05 
04 
03 
02 
01 
00 


SEPFWR 
The SEP write fault bit. This bit is set when the SEP is operated 
in a fault mode. The bit is 
set when the user attempts 
a read/write 
while a write transaction 
is ongoing. 
This bit must 
be cleared 
by software. 


SEPFRO 
The SEP read fault bit. This bit is set when the SEP is operated 
in a fault mode. The bit is 
set when the user attempts 
a read/write 
while a read transaction 
is ongoing. 
This bit must 
be cleared 
by software. 


SEPIF 
The SEP interrupt flag. This bit is cleared 
by reset and set after an SEP data transaction 
is 
complete. 
This bit must be cleared 
by software. 


SEPE 
The SEP enable bit. This bit when set enables the SEP data I/O and SEP clock signal to 
the external 
pins. This bit is cleared on reset. 


SEPREN 
The SEP receive enable. This bit, when set, starts the reception 
of data. In order to do a 
write this bit must be cleared. This bit is auto-cleared 
after 8 bits have been received 
by the 
SEP. This bit is cleared on reset. 


CLKPOL 
The SEP clock polarity select. When this bit is cleared and the SEP is in an idle mode the 
SEPCLK will rem.ain at an output low. When this bit is set the SEPCLK will remain at an 
output high durin!~ idle. This bit is cleared 
on reset. 


CLKPHA 
The SEP clock phase select. This bit determines 
which clock edge will capture data and 
allow data to change. This bit is cleared 
on reset. 


SEPS1 
The SEP speed select bit1. This bit in combination 
with SEPSO determines 
what frequency 
the SEP module will operate 
in. 


SEPSO 
The SEP speed select bitO. This bit in combination 
with SEPS1 determines 
what frequency 
the SEP module will operate 
in. 


00-07 
The SEP data bit:,. These are the SEP I/O data. 


The 80C51GB contains six 8-bit parallel I/O ports. All six ports are bidirectional and consist of a latch, an output 
driver, and an input buffer. Many of the port pins have multiplexed I/O and control functions. 
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Port 0 has open drain outputs when it is not serving as 
the external data bus. The internal pullup is active only 
when the pin is outputting logic I during external mem- 
ory access. An external pullup resistor is required on 
Port 0 when it is serving as an output port. 


Ports I, 2, 3, 4 and 5 have quasi·bidirectional outputs. 
A strong pullup provides a fast ri!;etime when the pin is 
set to a logic 1. This pullup tums on for two oscillor 
periods to drive the pin high and then turns off. The pin 
is held high by a weak pullup. 


Writing the PO, PI, P2, P3, P4 or P5 Special Function 
Register sets the corresponding port pins. All six port 
registers are bit addressable. 


The pins of all six ports are configured as inputs by 
writing a logic I to them. Since Port 0 is an open drain 


port, it provides a very high input impedance. Since 
pins of Port I, 2, 3, 4 and 5 have weak pullups (which 
are always on), they source a small current when driven 
low externally. All six ports have Schmitt trigger inputs 
with a minimum hysteresis of 0.4 volts. 


Ports 0, 1 and 3 reset asynchronously to a one and 
Ports 2, 4, and 5 reset to a zero asynchronously. Ports 
2, 4 and 5 will reset to a one when the reset is done to 
activate a test mode. 


Ports 0, 1,2,3,4 
and 5 have alternate functions as well 


as their I/O function as described below. 


Port Pin 
Alternate 
Function 


PO.O/ADO- PO.7/AD7 
Multiplexed Address/Data 
for External Memory 


P1.0/T2 
Timer 2 External Clock Input 


P1.1/T2EX 
Timer 2 Reload/Capture/Direction 
Control 


P1.2/C 
PCA External Clock Input 


P1~/CEXO-P1~/CEX4 
PCA Capture Input, Compare/PWM 
Output 


P2.0/A8 - P2.7/A15 
High Byte of Address for External Memory 


P3.0/RXD 
Serial Port Input 


P3.1/TXD 
Serial Port Output 


P3.2/INTO 
External Interrupt 


P3.3/INT1 
External Interrupt 


P3.4/TO 
Timer 0 External Clock Input 


P3.5/T1 
Timer 1 External Clock Input 


P3.6/WR 
Write Strobe for External Memory 


P3.7/RD 
Read Strobe for External Memory 


P4.0/SEPCLK 
Source for Serial Expansion Port 


P4.1/SEPDAT 
Data I/O for the Serial Expansion Port 


P4.2/C1 
PCA1 External Clock Input 


P4.3/C1 EXO- P4.7/C1 EX4 
PCA1 Capture Input, Compare/PWM 
Output 


P5.2/INT2 - P5.6/INT6 
External Interrupt INT2 • INT6 


inter 


The 80C51GB has 15interrupt 
SOUfCIlS, 7 from external 


interrupt 
pins (INTO, INTI, 
INT2, 
INT3, 
INT4, 
INT5, INT6), 3 from timer counters (Timer 0, Timer I, 
Timer 2), 2 from programmable counter arrays (PCA 
and PCAI), and one each from the serial port, AID 
converter, and serial expansion port. 


The external interrupts, INTO, and INTI can be pro- 
grammed as level-activated (low) or transition-activat- 
ed (I-to-O). The ITO and ITI bits in the TCON Special 
Function Register control the selecti.on. The interrupt 
request is actually generated by the IEO AND 
lEI 


status bits in the TCON register. The:lEO and lEI bits 
will be cleared by the on-chip hardware when the serv- 
ice routine is vectored to, only if the interrupt was tran- 
sition-activated. 


INT2 and INT3 can be either positive or negative tran- 
sition activated. EXICON 
Special lrunction Register 


contains IT2 and IT3 bits to control the selection. The 
interrupt request is actually generated by the IE2 and 
IE3 status bits in the EXICON regi:>ter.The 1E2 and 
IE3 bits will be cleared by the on-chip hardware when 
the service routine is vectored to. 


INT4, INT5 and INT6 are all positive transition acti- 
vated. The interrupt request is actually generated by 
the IE4, 1E5 and IE6 status bits in the EXICON regis- 
ter. The IE4, 1E5 and 1E6 bits will be cleared by the on- 
chip hardware when the service routine is vectored to. 


The interrupt 
of the full-duplex, asynchronous serial 


port is generated from the logical OR of the RI and TI 
status bits. The serial port interrupt 
service routine 


must read these bits to determine whether the receiver, 
transmitter, or both are requesting an interrupt. 


Similarly, the Timer 2 interrupt is g,enerated from the 
logical OR of the TF2 and EXF2 bits, and the PCA 
interrupt is generated from the logical OR of the CF, 
CCFO, CCFI, CCF2, CCF3, and CCF4 status bits. 


The interrupt of the synchronous serial expansion port 
(SEP) is generated from the SEPIF bit in SEPSTAT 
register. This bit is set when a read or write operation is 
completed, or an attempt is made to modify the mode 
of the read/write transaction when a read/write opera- 
tion is in progress. See Serial Expansion Port section for 
further explanation. 


The status bits requesting an interrupt must remain set 
until the interrupt service routine begins. If not done so 
by hardware, the status bits should be cleared before 
the termination of the interrupt service routine. 


The interrupt sources can be individually enabled by 
setting their corresponding interrupt enable bits. They 
can be globally disabled by clearing the EA bit in the 
IE register. 


Four priority levels are available for each interrupt 
source. The priority levels of an interrupt source can be 
programmed by setting or clearing the corresponding 
bits in either IP and IPI or IPA and IPAI registers as 
shown below: 


Bits 
Interrupt 


Pxx.1 
Pxx 
Priority 
Level 
° 
° 
°(Lowest) 


° 
1 
1 


1 
° 
2 


1 
1 
3 (Highest) 


(e.g. PAD = 1 and 
PAD.1 = 1 will 
set AID 
converter 
inter- 


rupt 
priority 
level 
to 3, while 
PS = 0 and 
PS.1 = 1 will 
set 


serial port interrupt 
priority 
level to 2.) 


An interrupt source programmed to the higher level 
will interrupt service routines of an interrupt 
source 


programmed to the lower level. Interrupt sources at the 
same level will not interrupt each other. When more 
than one interrupt source on the same level have pend- 
ing interrupt requests (requests not yet serviced), the 
priority shown in Table 17 determines which of the 
pending requests will be serviced first. 


When an interrupt is serviced, the processor executes 
an LCALL instruction 
to the vector address corre- 


sponding to the interrupt source. This begins the inter- 
rupt service routine. The last instruction of the service 
routine should be the RETI instruction. This instruc- 
tion, in addition to performing a subroutine return 
(POP stack into PC), enables the interrupt logic to ac- 
cept additional interrupts. 
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Interrupt 
Interrupt 
Cleared by 
Vector 
Priority 


Source 
RElquest Bits 
Hardware 
Address 
within Level 


INTO 
IEO 
No (Level) 
0OO3H 
1 
Yes (Trans.) 


INT1 
IE1 
No (Level) 
0013H 
7 
Yes (Trans.) 


INT2 
IE2 
YES 
0053H 
3 


INT3 
IE3 
YES 
005BH 
6 


INT4 
IE4 
YES 
0063H 
9 


INT5 
IE5 
YES 
006BH 
12 


INT6 
IE6 
YES 
0073H 
15 


Timer 0 
TFO 
YES 
OOOBH 
4 


Timer 1 
TF1 
YES 
001BH 
10 


Timer 2 
TF2,EXF2 
NO 
002BH 
14 


Serial Port 
RI,TI 
NO 
. 
0023H 
13 


PCA 
CF,CCFO, ... 
, CCF4 
NO 
0043H 
11 


PCA1 
CF1,C1CFO, ... 
, C1CF4 
NO 
0033H 
5 


AID 
AIF 
NO 
003BH 
8 


SEP 
SEPIF 
NO 
004BH 
2 


Name 
MSB 
LSB 


IE 
EA 
EC 
ET2 
ES 
ET1 
EX1 
ETO 
EXO 


lEA 
EAD 
EX€> 
EX5 
EX4 
EX3 
EX2 
EC1 
ESEP 


IP 
- 
PC 
PT2 
PS 
PT1 
PX1 
PTO 
PXO 


IP1 
- 
PC. I 
PT2.1 
PS.1 
PT1.1 
PX1.1 
PTO.1 
PXO.1 


IPA 
PAD 
PX6 
PX5 
PX4 
PX3 
PX2 
PC1 
PSEP 


IPA1 
PAD.1 
PX6.1 
PX5.1 
PX4.1 
PX3.1 
PX2.1 
PC1.1 
PSEP.1 


TCON 
TF1 
TR1 
TFO 
TRO 
IE1 
IT1 
IEO 
ITO 


T2CON 
TF2 
EXF2 
RCLK 
TCLK 
EXEN2 
TR2 
C/T2 
CP/RL2 


CCON 
CF 
CR 
- 
CCF4 
CCF3 
CCF2 
CCF1 
CCFO 


C1CON 
CF1 
CR1 
CRE 
C1CF4 
C1CF3 
C1CF2 
C1CF1 
C1CFO 


ACON 
- 
- 
AIF 
ACE 
ACSO 
ACS1 
AIM 
ATM 


SEPSTAT 
- 
- 
- 
SEPFWR 
SEPFRD 
SEPIF 


EXICON 
- 
IE6 
IE5 
IE4 
IE3 
IE2 
IT3 
IT2 
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EA 
Enable All. This bil is set by software 
to enable interrupts. 
When EA is low, all interrupt 
sources are disabled 
regardless 
of their individual 
interrupt 
enable bits. When EA is high, 


interrupt 
requests 
from enabled sources will be serviced. 


EC 
PCA interrupt enable. This bit is set by software 
to enable PCA interrupt 
requests. 


ET2 
Enable Timer 2 int.,mupts. This bit is set by software 
to enable interrupt 
requests from 
Timer 2. 


ES 
Enable Serial port interrupts. 
This bit is set by software 
to enable interrupt 
requests 
from the 
serial port. 


ET1 
Enable Timer 1 intt3rrupts. This bit is set by software 
to enable interrupt 
requests 
from 
Timer 1. 


EX1 
Enable external 
interrupt 
1. This bit is set by software 
to enable interrupt 
requests 
from 
INT1. 


ETO 
Enable Timer 0 intmrupts. 
This bit is set by software 
to enable interrupt 
requests from 
TimerO. 


EXO 
Enable external 
interrupt O. This bit is set by software 
to enable interrupt 
request from INTO. 


EAD 
Enable AID converter 
interrupts. 
This bit is set by software 
to enable interrupt 
requests 
from 
AID converter. 


EX6 
Enable external 
interrupt 6. This bit is set by software 
to enable interrupt 
requests 
from 
INT6. 


EX5 
Enable external 
interrupt 
5. This bit is set by software 
to enable interrupt 
requests from 
INT5. 


EX4 
Enable external 
int,errupt 4. This bit is set by software 
to enable interrupt 
requests from 
INT4. 


EX3 
Enable external 
intt3rrupt 3. This bit is set by software 
to enable interrupt 
requests 
from 
INT3. 


EX2 
Enable external 
inMrrupt 
2. This bit is set by software 
to enable interrupt 
requests 
from 
INT2. 


EC1 
PCA 1 interrupt 
enable. This bit is set by software 
to enable PCA 1 interrupt 
requests. 


ESEP 
Enable serial expansion 
port interrupt. 
This bit is set by software 
to enable interrupt 
requests 
priority level. 


PC 
Priority bit 0 for the PCA. This bit and PC.1 are set by software 
to program 
the PCAO 
interrupt 
priority level. 


PC.1 
Priority bit 1 for the PCA. This bit and PC are set by software 
to program the PCA interrupt 
priority level. 


PT2 
Priority bit 0 for Timer 2. This bit and PT2 are set by software 
to program the Timer 2 
interrupt 
priority lev,sl. 


PT2.1 
Priority bit 1 for Timer 2. This bit and PT2 are set by software 
to program the Timer 2 
interrupt 
priority levt31. 


PS 
Priority bit 0 for the serial port. This bit and PS.1 are set by software 
to program the serial 
port interrupt 
priority level. 


PS.1 
Priority bit 1 for the serial port. This bit and PS are set by software 
to program the serial port 
interrupt 
priority levlJl. 


PT1 
Priority bit 0 for Timt3r 1. This bit and PT1.1 are set by software 
to program 
Timer 1 interrupt 
priority 
Jevel. 
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PT1.1 
Priority bit 1 for Timer 1. This bit and PT1 are set by software 
to program Timer 1 interrupt 
priority level. 


PX1 
Priority bit 0 for Elxternal interrupt 
1. This bit and PX1.1 are set by software 
to program 
INT1 
interrupt 
priority level. 


PX1.1 
Priority bit 1 for EIlcternal interrupt 
1. This bit and PX1 are set by software 
to program 
INT1 
interrupt 
priority level. 


PTO 
Priority bit 0 for Timer O. This bit and PTO.1 are set by software 
to program Timer 0 interrupt 
priority level. 


PTO.1 
Priority bit 1 for Timer O.This bit and PTO are set by software 
to program 
Timer 0 interrupt 
priority level. 


PXO 
Priority bit 0 for E,xternal interrupt O. This bit and PXO.1 are set by software 
to program 
Timer 0 interrupt 
priority level. 


PXO.1 
Priority bit 1 for E!xternal interrupt 
O.This bit and PXO are set by software 
to program 
INTO 
interrupt 
priority level. 


PAD 
Priority bit 0 for AID converter. 
This bit and PAD.1 are set by software 
to program AID 
converter 
interrupt 
priority level. 


PAD.1 
Priority bit 1 for AID converter. 
This bit and PAD are set by software 
to program AID 
converter 
interrupt 
priority level. 


PX6 
Priority bit 0 for external 
interrupt 6. This bit and PX6.1 are set by software 
to program 
INT6 
interrupt 
priority level. 


PX6.1 
Priority bit 1 for external 
interrupt 6. This bit and PX6 are set by software 
to program 
INT6 
interrupt 
priority level. 


PX5 
Priority bit 0 for external 
interrupt 
5. This bit and PX5.1 are set by software 
to program 
INT5 
interrupt 
priority level. 


PX5.1 
Priority bit 1 for external 
interrupt 
5. This bit and PX5 are set by software 
to program 
INT5 
interrupt 
priority level. 


PX4 
Priority bit 0 for external 
interrupt 4. This bit and PX4 are set by software 
to program 
INT4 
interrupt 
priority level. 


PX4.1 
Priority bit 1 for external 
interrupt 4. This bit and PX4 are set by software 
to program 
INT4 
interrupt 
priority level. 


PX3 
Priority bit 0 for external interrupt 
3. This bit and PX3.1 are set by software 
to program 
INT3 
interrupt 
priority level. 


PX3.1 
Priority bit 1 for external interrupt 
3. This bit and PX3 are set by software 
to program 
INT3 
interrupt 
priority level. 


PX2 
Priority bit 0 for external interrupt 
2. This bit and PX2.1 are set by software 
to program 
INT2 
interrupt 
priority level. 


PX2.1 
Priority bit 1 for external 
interrupt 
2. This bit and PX2 are set by software 
to program 
INT2 
interrupt 
priority level. 


PC1 
Priority bit 0 for the PCA 1. This bit and PC1 are set by software 
to program the PCA 1 
interrupt 
priority 1.3vel. 


PC1.1 
Priority bit 1 for the PCA 1. This bit and PC1 are set by software 
to program the PCA 1 
interrupt 
priority 1.3vel. 


PSEP 
Priority bit 0 for sl~rial expansion 
port. This bit and PSEP.1 are set by software 
to program 
serial expansion 
port interrupt 
priority level. 
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PSEP.1 
Priority bit 0 for serial expansion 
port. This bit and PSEP are set by software 
to program 


serial expansion 
pc,rt interrupt 
priority level. 


TF1 
Timer 1 overflow 
Flag. This bit is set by hardware 
when Timer 1 overflows. 
It is cleared 
by 


hardware 
when the processor 
vectors 
to the Timer 1 interrupt 
routine. 


TR1 
See section 2.4 on the Timer/Counters 


TFO 
Timer 0 overflow 
Flag. This bit is set by hardware 
when Timer 0 overflows. 
It is cleared 
by 


hardware 
when the processor 
vectors 
to the Timer 0 interrupt 
routine. 


TRO 
See section 
2.4 on the Timer/Counters 


IE1 
Interrupt 
1 Edge flag. This bit is set by hardware 
when an external 
interrupt 
edge is 


detected. 
It is cleared 
by hardware 
when the processor 
vectors 
to the INT1 interrupt 
routine. 


IT1 
Interrupt 
1 Type control 
bit. This bit is set or cleared 
by software 
to control 
whether 
INT1 is 


level or edge triggered. 
When IT1 is high, an interrupt 
is triggered 
by a falling edge on INT1. 


When IT1 is low, an interrupt 
is triggered 
by a low level on INT1. 


IEO 
Interrupt 
0 Edge flag. This bit is set by hardware 
when an external 
interrupt edge is 


detected. 
It is cleared 
by hardware 
when the processor 
vectors 
to the INTO interrupt 
routine. 


ITO 
Interrupt 
0 Type control 
bit. This bit is set or cleared 
by software 
to control whether 
INTO is 


level or edge triggered. 
When ITO is high, an interrupt 
is triggered 
by a falling edge on INTO. 


When ITO is low, an interrupt 
is triggered 
by a low level on INTO. 


TF2 
Timer 2 overflow 
flag. This bit is set by hardware 
when Timer 2 overflows. 
It can initiate an 
interrupt 
request if ,enabled. TF2 is not cleared 
by hardware, 
so it should be cleared 
in the 


Timer 2 interrupt 
routine. 


EXF2 
Timer 2 External 
Flag. This bit is set by hardware 
when a capture or reload is caused by the 


T2EX pin. It can initiate an interrupt 
request if enabled. 
EXF2 is not cleared 
by hardware, 
so 
it should be cleared 
in the Timer 2 interrupt 
routine. 


RCLK 
See Timer/Counte's 
section. 


TCLK 
See Timer/Counters 
section. 


EXEN2 
See Timer/Counters 
section. 


TR2 
See Timer/Counters 
section. 


C/T2 
See Timer/Counters 
section. 


CP/RL2 
See Timer/Counters 
section. 


CF 
Counter 
Flag. This bit is set high by hardware 
when the PCA Counter overflows. 


CR 
See PCA section. 


CCF4·0 
Capture Compare 
Flags. These five bits correspond 
to the five Register/Comparator 


Modules. 
When a capture or comparison 
match occurs in one of the Register/Comparator 


Modules the corresponding 
CCFn bit is set high. 


CF1 
Counter Flag. This bit is set high .by hardware 
when the PCA 1 Counter overflows. 


CR1 
See PCA 1 section. 


CRE 
See PCA 1 section. 


C1CF4·10 
Capture Compare 
Flags. These five bits correspond 
to the five Register/Comparator 


Modules. When a capture or comparison 
match occurs in one of the Register/Comparator 


Modules, 
the corresponding 
CCF1n bit is set high. 


AIF 
AID Interrupt 
Flag. This bit is set by the AID hardware 
when an A/D 
converter 
interrupt 
is 
generated. 


ACE 
See A/D 
Converter 
section. 


ACSO 
See AID ConvEirter section. 


ACS1 
See AID Converter 
section. 


AIM 
See AID COnVE!rtersection. 


ATM 
See AID Converter 
section. 


SEPFIF 
SEP Interrupt 
Flag. This bit is set by the SEP hardware 
when an SEP interrupt 
is generated. 


SEPFWR 
See serial expa 1sion port section. 


SEPFRD 
See serial expansion 
port section. 


IE6 
Interrupt 6 EdgEI flag. This bit is set by hardware 
when an external 
interrupt 
edge is 


detected. 
It is cleared 
by hardware 
when the processor 
vectors 
to the INT6 interrupt 
routine. 


IE5 
Interrupt 
5 EdgE! flag. This bit is set by hardware 
when an external 
interrupt 
edge is 


detected. 
It is cleared by hardware 
when the processor 
vectors 
to the INT5 interrupt 
routine. 


IE4 
Interrupt 4 Edge flag. This bit is set by hardware 
when an external 
interrupt 
edge is 


detected. 
It is cl eared by hardware 
when the processor 
vectors 
to the INT4 interrupt 
routine. 


IE3 
Interrupt 
3 Edge flag. This bit is set by hardware 
when an external 
interrupt 
edge is 


detected. 
It is cl3ared 
by hardware 
when the processor 
vectors 
to the INT3 interrupt 
routine. 


IE2 
Interrupt 
2 Edge flag. This bit is set by hardware 
when an external 
interrupt edge is 
detected. 
It is cl'3ared by hardware 
when the processor 
vectors 
to the INT2 interrupt 
routine. 


IT3 
Interrupt 
3 Type control 
bit. This bit is set or cleared 
by software 
to control whether 
INT3 is 
positive or negative transition 
activated. 
When IT3 is high, an interrupt 
is triggered 
by a 


positive-transitie,n 
(0-1) on INT3. When IT3 is low, an interrupt 
is triggered 
by a negative- 
transition 
(1-0) cn INT3. 


IT2 
Interrupt 
2 Type control 
bit. This bit is set or cleared 
by software 
to control whether 
INT2 is 


positive or negative transition 
activated. 
When IT2 is high, an interrupt 
is triggered 
by a 


positive-transition 
(0-1) on INT2. When IT2 is low, an interrupt 
is triggered 
by a negative- 
transition 
(1-0) on INT2. 


The 8OC5lGB has two power reduction modes, Idle 
and Power Down. In the Idle mode, the CPU functions 
are suspended, while the peripheral functions continue 
to operate normally. In the PoweTDown mode, both 
CPU and peripheral functions are suspended, affording 
the greatest power savings. The user must disable the 
Oscillator Fail Detect before entering Power Down 
Mode. If the Oscillator Fail Deted is not disabled be- 
fore entering Power Down Modt, the Oscillator Fail 
will reset the part and this will bring the 8OC5lGBout 
of Power Down. 


In the Idle mode, the clock signals to the CPU are 
stopped, thereby suspending the CPU operation. The 


CPU status is preserved during the Idle mode. The 
RAM and all registers are also preserved. The inter- 
rupts, serial port, timers, and PCA (a programmable 
option) continue to operate normally. The I/O port 
pins hold the logical states they had at the time Idle 
was activated. ALE and PSEN hold at high logiclevels. 


The Idle mode is initiated by setting the IDL bit in the 
PCON Special Function Register. Program execution 
ends with the completion of this instruction. The Idle 
mode is terminated by the occurrence of an enabled 
interrupt on the INTO or INTI pins only or by reset. 
When the Idle mode is terminated by an interrupt, the 
interrupt service routine is executed. Upon completion 
of the service routine, execution continues with the in- 
struction following the one which initiated the Idle 
mode. When Idle is terminated by reset, The Special 
Function Registers are initialized and execution begins 
at address OOOOH. 
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In the Power Down mode, the CPU and peripheral 
functions are suspended, and the crystal oscillator is 
disabled. As in the Idle mode, the CPU state is pre- 
served along with the registers, I/O pins, and RAM. 
ALE and PSEN are held at low logic levels. 


Power Down is initiated by setting the PD bit in the 
PCON register. Like the Idle modt:, program execution 
ends with the completion of this im.truction. The Power 
Down mode is terminated by the occurrence of an en- 
abled interrupt on the INTO or INTI pins only or by 
reset. 


Upon termination of the Power Down mode, the crys- 
tal oscillator is enabled by the leading edge of the inter- 
rupt or reset signal. The CPU ane. peripherals are en- 
abled by the trailing edge. The interrupt or reset pulse 
width must be at least 10 ms to allow the oscillator to 
restart and stabilize. 


The GFO and GFI bits of the peON 
register can be 
used to give an indication if an intt:rrupt occurred dur- 
ing normal execution, or during the Idle or Power 
Down mode. For example, an ins':ruction which acti- 
vates Idle can also set one or both GF bits. When Idle 
is terminated by an interrupt, the interrupt service rou- 
tine can examine both GF bits. 


The POF bit in the PCON registt:r can be used by a 
reset initialization routine to determine if the 80C5I GB 
has just been powered up. The POF bit is set by the 
rising edge of Vcc and can be cleared by software when 
the RAM and registers have been initialized. 


POWER 
CONTROL 
SPECIAL 
FUNCTION 
REGISTERS 


Table 21. Bit Assignments 


Bit 


LSB 


o 


IDL 


7 


PCON 
SMOD1 


2.11 
80C51GB External Memory 
Addressing 


In addition to internal memory accesses, the 80C5IGB 
allows for external program and data memory access- 
ing. The implementation follows that of the 8OC5I. The 
program and data memory sections are each 64K bytes 
long. The first 8K of the program address space is used 
by on-chip EPROM. When EA (External Address en- 
able) is tied low and the security bits are not pro- 
grammed, the frrst 8K of the program address space 
will be mapped external (no internal EPROM access- 
es). The MOVX instruction is used for external data 
reads and writes, and the MOVC can be used to read 
program code. 


For data transfers, ROor RI can be used as a pointer to 
the first page of external data memory. Read and write 
instructions are coded as follows: 


MOVX 
A,@Ri 
{i=O,ll 
MOVX 
@Ri,A 
A 
{{Rill 
- 
{{Rill 
- 
A 


The MOVX A,@Ri instructions allow 256 bytes of ex- 
ternal data memory to be addressed with just Port 0, 
ALE (Address Latch enable), RD and WR. Port 2 is 
not affected. Port 0 is multiplexed with address and 
data. 


SMOD1 
See Serial Port section 


SMODO 
See Serial Port section 


POF 
Power-on 
Flag bit. Th s bit is set by the rising edge of Vcc and cleared 
by software. 


GF1-0 
General purpose 
Flag bits. These bits are general purpose 
bits which can be set or cleared 
by 
software. 


PO 
Power Down bit. This bit is set by software 
to initiate the Power Down mode. It is cleared 
by 
hardware 
when Power Down is terminated 
by an interrupt 
or reset. 


IDL 
Idle bit. This bit is set by software 
to initiate the Idle mode. It is cleared 
by hardware 
when Idle is 
terminated 
by an interrupt or reset. 
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The DPTR 
l6-bit register can be used to access any 
byte in the 64K external data address space. Use of port 
pins and paging is not necessary to address> 256 bytes. 
The MOVX A,@DPTR instructions use both Port 0 
and Port 2 for address. The instructions follow the 
same pattern as previously shown. 


In addition to opcode fetches, tht: program code memo- 
ry can be accessed with the MOVC instruction. The 
MOVC instruction uses A as an index to either DPTR 
or PC. Only read cycles are allowed and PSEN (Pro- 
gram Store enable) is used to strobe a program memory 
read. For a common program and data memory, PSEN 
and RD can be negative ORed for a single read strobe. 
The instruction format for program memory accessed 
are shown below: 


MOVC,A,@+PC 
MOVCA,@A+DPTR 
A 
<- 
{{A + PCll 
A 
<- 
{{A + DPTRll 


There are reasons for using MYOX A,@DPTR and 
MOVC A,@A+DPTR 
for external tables. MOVC is 


the quickest since the exact table location is calculated 
in hardware. For the fastest table access, the MOVC 
A,@A + DPTR,PC instructions are preferred. The ac- 
cess time required by the data memory instructions is 
much relaxed as compared with EPROM access time. 
Therefore 
in 
low 
cost 
lookup 
applications, 
slow 
EPROMs addressed by MOVX instructions are proba- 
bly more cost effective. 


Most on-chip resources ofthe 80C51GB are controlled 
through the Special Function Registers. These registers 
are accessed by any of the "direct" instructions. For 
instance, the instruction 


where "direct" is the Port I register address, will input 
a byte from Port 1 and load it into the Accumulator. 
The Special Function 
Register addresses are in the 


range 128 to 255. 


Some of the Special Function Registers are bit address- 
able as well as byte addressable. Individual bits in these 
registers can be accessed, i.e. moved to or from the 
carry bit or tested using the "direct bit" instructions. 
For instance, the instruction 


where "bit" is the bit address of port pin P2.3, will 
write a logic 1 to port pin P2.3. 


The Special Function Register address assignments and 
value initialized by reset are listed below. 


Name 
Description 
SFR 
Initial 
Bit 
Address 
Value 
Addressable 


ACC 
Accumulator 
EOH 
00000000 
Yes 


ACMP 
AID Compare Register 
C6H 
00000000 
No 


ACON 
AlDContml 
9?H 
00000000 
No 


ADO 
AID Result 
/84H 
00000000 
No 


AD1 
AID Result 
94H 
00000000 
No 


AD2 
AID Result 
MH 
00000000 
No 


AD3 
AID Result 
B4H 
00000000 
No 


AD4 
AID Result 
C4H 
00000000 
No 


AD5 
AID Result 
D4H 
00000000 
No 


AD6 
AID Resul': 
E4H 
00000000 
No 


AD? 
AID Resull: 
F4H 
00000000 
No 


AUXR 
Auxiliary Rl~gister 
8EH 
XXXXXXXO 
No 


B 
B Register 
FOH 
00000000 
Yes 


CCON 
PCA Control 
D8H 
OOXOOOOO 
Yes 


C1CON 
PCA 1 Control 
E8H 
OOXOOOOO 
Yes 


CMOD 
PCA Mode 
D9H 
OOXXXOOO 
No 
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Name 
Description 
SFR 
Initial 
Bit 
Address 
Value 
Addressable 


C1MOD 
PCA 1 Mod'3 
DFH 
OOXXOOOO 
No 


CCAPMO 
PCAMode 
DAH 
XOOOOOOO 
No 


CCAPM1 
PCA Mode 
DBH 
XOOOOOOO 
No 


CCAPM2 
PCAMode 
DCH 
XOOOOOOO 
No 


CCAPM3 
PCAMode 
DOH 
XOOOOOOO 
No 


CCAPM4 
PCAMode 
DEH 
XOOOOOOO 
No 


C1CAPMO 
PCA 1 Mod'3 
9AH 
XOOOOOOO 
No 


C1CAPM1 
PCA 1 Mod'3 
9BH 
XOOOOOOO 
No 


C1CAPM2 
PCA 1 Mod'3 
9CH 
XOOOOOOO 
No 


C1CAPM3 
PCA 1 Mod.3 
9DH 
XOOOOOOO 
No 


C1CAPM4 
PCA 1 Mod'3 
9EH 
XOOOOOOO 
No 


CCAPOH 
PCA Compare/Capture 
High 
FAH 
XXXXXXXX 
No 


CCAP1H 
PCA Compare/Capture 
High 
FBH 
XXXXXXXX 
No 


CCAP2H 
PCA Compare/Capture 
High 
FCH 
XXXXXXXX 
No 


CCAP3H 
PCA Compare/Capture 
High 
FDH 
XXXXXXXX 
No 


CCAP4H 
PCA Compare/Capture 
High 
FEH 
XXXXXXXX 
No 


C1CAPOH 
PCA 1 Compare/Capture 
High 
BAH 
XXXXXXXX 
No 


C1CAP1H 
PCA 1 Compare/Capture 
High 
BBH 
XXXXXXXX 
No 


C1CAP2H 
PCA 1 Compare/Capture 
High 
BCH 
XXXXXXXX 
No 


C1CAP3H 
PCA 1 Compare/Capture 
High 
BDH 
XXXXXXXX 
No 


C1CAP4H 
PCA 1 Compare/Capture 
High 
BEH 
XXXXXXXX 
No 


CCAPOL 
PCA Compare/Capture 
Low 
EAH 
XXXXXXXX 
No 


CCAP1L 
PCA Compare/Capture 
Low 
EBH 
XXXXXXXX 
No 


CCAP2L 
PCA Compare/Capture 
Low 
ECH 
XXXXXXXX 
No 


CCAP3L 
PCA Compare/Capture 
Low 
EDH 
XXXXXXXX 
No 


CCAP4L 
PCA Compare/Capture 
Low 
EEH 
XXXXXXXX 
No 


C1CAPOL 
PCA 1 Compare/Capture 
Low 
AAH 
XXXXXXXX 
No' 


C1CAP1L 
PCA 1 Compare/Capture 
Low 
ABH 
XXXXXXXX 
No 


C1CAP2L 
PCA 1 Compare/Capture 
Low 
ACH 
XXXXXXXX 
No 


C1CAP3L 
PCA 1 Compare/Capture 
Low 
ADH 
XXXXXXXX 
No 


C1CAP4L 
PCA 1 Compare/Capture 
Low 
AEH 
XXXXXXXX 
No 


CH 
PCA Countor 
High 
F9H 
00000000 
No 


CH1 
PCA 1 Counter 
High 
EFH 
00000000 
No 


CL 
PCA Countor 
Low 
E9H 
00000000 
No 


CL1 
PCA 1 Counter 
Low 
FFH 
00000000 
No 


DPH 
DPTR High Byte 
83H 
00000000 
No 


DPL 
DPTR Low Byte 
82H 
00000000 
No 


EXICON 
Externallnt,mupt 
Control 
C7H 
00000000 
No 
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Name 
DI!Scriptlon 
SFR 
Initial 
Bit 


Address 
Value 
Addressable 


IE 
Interrupt 
Enable 
A8H 
00000000 
Yes 


lEA 
Interrupt 
Enable A 
A7H 
00000000 
No 


IP 
Interrupt 
Priority 
S8H 
XOOOOOOO 
Yes 


IPA 
Interrupt 
Priority A 
S6H 
00000000 
No 


IPA1 
Interrupt 
Priority A 1 
S5H 
00000000 
No 


OSCR 
Oscillator 
Fail Detect 
A5H 
XXXXXXXO 
No 


PCON 
Power Control 
87H 
OOXXOOOO 
No 


PSW 
Program Status Word 
DOH 
00000000 
Yes 


PO 
Port 0 
80H 
11111111 
Yes 


P1 
Port 1 
90H 
11111111 
Yes 


P2 
Port 2 
AOH 
00000000 
Yes 


P3 
Port 3 
SOH 
11111111 
Yes 


P4 
Port 4 
COH 
00000000 
Yes 


P5 
Port 5 
F8H 
00000000 
Yes 


RCAP2H 
Timer 2 Reload/Capture 
High 
CSH 
00000000 
No 


RCAP2L 
Timer 2 Reload/Capture 
Low 
CAH 
00000000 
No 


SADDR 
Serial Port Slave Address 
A9H 
00000000 
No 


SADEN 
Serial Port Address 
Enable 
S9H 
00000000 
No 


SSUF 
Serial Port /Transmit 
99H 
XXXXXXXX 
No 


SCON 
Serial Port Control 
98H 
00000000 
Yes 


SEPCON 
Serial Expa 1sion Port Control 
D7H 
00000000 
No 


SEPDAT 
Serial Expansion 
Port DATA 
E7H 
XXXXXXXX 
No 


SEPSTAT 
Serial Expansion 
Port Status 
F7H 
00000000 
No 


SP 
Stack Pointl3r 
81H 
00000111 
No 


TCON 
Timer 0,1 C.:>ntrol 
88H 
00000000 
Yes 


TMOD 
Timer 0,1 Mode 
89H 
00000000 
No 


T2CON 
Timer 2 Control 
C8H 
00000000 
Yes 


T2MOD 
Timer 2 Mode 
C9H 
XXXXXXXO 
No 


TOH 
Timer 0 High 
8CH 
00000000 
No 


TOL 
Timer 0 Lo\'\' 
8AH 
00000000 
No 


T1H 
Timer 1 High 
8DH 
00000000 
No 


T1L 
Timer 1 Low 
8SH 
00000000 
No 


T2H 
Timer 2 High 
CDH 
00000000 
No 


T2L 
Timer 2 Low 
CCH 
00000000 
No 


WDT 
Watchdog 
Timer Reset 
A6H 
XXXXXXXX 
No 
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L 
H 


8 
9 
A 
B 
C 
D 
E 
F 


0 
PO * 
P1 * 
P2 * 
P3 * 
P4 * 
PSW* 
A* 
S* 


11111111 
11111111 
00000000 
11111111 
00000000 
00000000 
00000000 
00000000 


1 
SP 
00000111 


2 
DPL 
00000000 


3 
DPH 
00000000 


4 
ADO 
AD1 
AD2 
AD3 
AD4 
AD5 
AD6 
AD? 


00000000 
00000000 
00000000 
00000000 
00000000 
00000000 
00000000 
00000000 


5 
OFDDIS 
IPA1 
XX)(XXXXO 
00000000 


6 
WDTRST 
IPA 
EXICON 
XX)(XXXXX 
00000000 
00000000 


? 
PCON 
ACON 
lEA 
IP1 
ACMP 
SEPCON 
SEPD 
SEPSTAT 
OOXXOOOO 
XXOOOOOO 
00000000 
00000000 
00000000 
000000 
XXXXXXXX 
000 


8 
TCON 
* 
SCON 
* 
IE* 
IP* 
T2CON 
* 
CCON 
* 
CCON1* 
P5 * 


00000000 
00000000 
00000000 
XOOOOOOO 
00000000 
OOXOOOOO 
OOXOOOOO 
00000000 


9 
TMOD 
SSUF 
SADDR 
SADEN 
T2MOD 
CMOD 
CL 
CH 


00000000 
XXXXXXXX 
00000000 
00000000 
XXXXXXXO 
OOXXXOOO 
00000000 
00000000 


A 
TLO 
C1CAPMO 
C1CAPOL 
C1CAPOH 
RCAP2L 
CCAPMO 
CCAPOL 
CCAPOH 


00000000 
XOOOOOOO 
XX)(XXXXX 
XXXXXXXX 
00000000 
XOOOOOOO 
XXXXXXXX 
XXXXXXXX 


S 
TL1 
C1CAPM1 
C1CAP1L 
C1CAP1H 
RCAP2H 
CCAPM1 
CCAP1L 
CCAP1H 


00000000 
XOOOOOOO 
XX)(XXXXX 
XXXXXXXX 
00000000 
XOOOOOOO 
XXXXXXXX 
XXXXXXXX 


C 
THO 
C1CAPM2 
C1CAP2L 
C1CAP2H 
T2L 
CCAPM2 
CCAP2L 
CCAP2H 


00000000 
XOOOOOOO 
XX)(XXXXX 
XXXXXXXX 
00000000 
XOOOOOOO 
XXXXXXXX 
XXXXXXXX 


D 
TH1 
C1CAPM3 
C1CAP3L 
C1CAP3H 
T2H 
CCAPM3 
CCAP3L 
CCAP3H 


00000000 
XOOOOOOO 
XX)(XXXXX 
XXXXXXXX 
00000000 
XOOOOOOO 
XXXXXXXX 
XXXXXXXX 


E 
AUXR 
C1CAPM4 
C1CAP4L 
C1CAP4H 
CCAPM4 
CCAP4L 
CCAP4H 
XXXXXXXO 
XOOOOOOO 
XX)(XXXXX 
XXXXXXXX 
XOOOOOOO 
XXXXXXXX 
XXXXXXXX 


F 
C1MOD 
CL1 
CH1 
OOXXOOOO 
00000000 
00000000 


NOTE: 
All blank 
addresses 
give undefined 
results 
when 
read or written. 
• = Bit addressable 
register. 
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used for on board testing. 


This mode is activated when PS:EN is held high and 
ALE is held low during reset. When RST falls, PSEN 
and ALE are latched and the 8OC5lGB remains in this 
mode until the next reset. 
7 


When the part is put into this mode, it becomes inac- 
tive. All ports, PSEN, and ALE are pulled high with 
weak pullups only. But XTAL2 output is not disabled. 
This mode allows an ICETMbondout chip to be clipped 
over the part and drive all signals while the part is 
inactive. The bondout chip drives ALE low during re- 


3.1 
Pin Assignment 
for 68 Lead PLCC 
Package 


The 8OC5lGB will be packaged in the 68 lead PLCC 
and CERQUAD package. Its pin assignment is shown 
below. 


C1EX2/P4.S 


C1EX3/P4.6 


C1EX4/P4.7 
vcc 
PS.O 


PS.l 


INT2/PS.2 


INT3/PS.3 


INT4/PS.4 


INT5/PS.S 


INT6/PS.6 


PS.7 


T2/Pl.0 


T2EX/PLI 


C/Pl.2 


CEXO/PL3 


CEX1/PL4 


~i ~~ 
..................... 
N 
'" .•• 
X 
X 
X 
LoJ 
LoJ 
LoJ 
U 
U 
U 


P2.3/All 


P2.2/Al0 


P2.1/A9 


P2.0/A8 


EA/Vpp 


ALE 


PSEN 


XTAL2 


XTAL1 


Vss 
TRIGIN 


ACHO 


ACHI 


ACH2 


ACH3 


ACH4 


ACHS 
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4.1 DC Characteristics 
TA = 
-40°C 
to + 125°C case temperature, 
Vcc = 4.5V to 5.5V 


Symbol 
Parameter 
Mln 
Typ(1) 
Max 
Unit 
Test Conditions 


VT+ 
High-Going 
Threshold 
1.10 
1.50 
2.0 
V 
(except XTAL 1, RST) 


VT- 
Low-Going 
Threshold 
0.60 
0.90 
1.2 
V 
(exceptXTAL1, 
RST) 


VHYS 
Hysteresis 
(VT + 
-- VT - ) 
0.40 
0.60 
V 
(except XTAL 1, RST) 
, 


VIL 
Input Low Voltage 
-0.5 
0.2VCC - 
0.1 
V 
(XTAL 1, RST) 


VIH 
Input High Voltage 
0.7 VCC 
VCC + 0.5 
V 
(XTAL 1, RST) 


VOL 
Output Low Voltagl3 
0.45 
V 
IOL = 1.6 mA 
(Ports 1,2,3,4,5) 


VOL1 
Output Low Voltagl3 
0.45 
V 
IOL = 3.2mA 
(Port 0, ALE, PSEN) 


VOH 
Output High Voltage 
2.4 
V 
IOH = -60/LA 
(Ports 1,2,3,4,5) 
0.9Vcc 
V 
IOH = -10/LA 


VOH1 
Output High Voltage 
2.4 
V 
IOH = - 800 /LA 
(Port 0 in External 
0.9 VCC 
V 
IOH = -80/LA 
Bus Mode, ALE, PSEN) 


IlL 
Logical 0 Input Current 
-50 
/LA 
VIN = 0.45V 
(Ports 1,2,3,4,5) 


ITL 
Logical 1-to-0 
-650 
/LA 
VIN = 2.0V 
Transition 
Current 
(Ports 1,2,3,4,5) 


III 
Input Leakage Current 
±10 
/LA 
0.45 < VIN < VCC 
(PortO, EA) 


RRST 
RST Pulldown 
Resistor 
40 
125 
k,O 


CIO 
Pin Capacitance 
10 
pF 
freq = 1 MHz 
TA = 25°C 


IpD 
Power Down Current 
200 
/LA 
(2) 


IDL 
Idle Mode Current 
10 
/LA 
(3) 


Icc 
Operating 
Current 
40 
/LA 
(4) 


NOTES: 
1. Typical values are obtained using 'lice = S.OVand TA = 25°C. 
2. Power Down Current is measured with all output pins disconnected, EA = PORTO= Vee, XTAL2 N.C., RST = Vss. 
3. Idle ICC is measured with all output pins disconnected, XTAL1 driven with TCHLCH, TCHLCH = "IOns, 
V,L = Vss + O.SV,V,H = Vee - 
O.SV,XTAL2 N.C., EA = PORTO= Vee, RST = Vss, internal clock to PCA gated off. 


4. Ice is measured with all output pins disconnected, XTAL1 driven with TCLCH, TCLCH = 10 ns, V,L = Vss + O.SV, 
V,H = Vcc - 
O.SV,XTAL2 N.C., EA = RST = PORTO= Vcc. 
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4.2 AC Specifications 
TA = 
-40°C 
to + 125°C caE-e temperature, 
Vcc 
= 
4.5V to 5.5V, 
Load Capacitance 
on Port O,ALE, and 


PSEN = 100 pF, Load CapacJtance 
on all other outputs 
= 80 pF 


12 MHz 
Variable 
Oscillator 
Symbol 
Paramefer 
Oscillator 
Units 


Min 
Max 
Mln 
Max 


1/TCLCL 
Oscillator 
Frequency 
3.5 
12 
MHz 


TLHLL 
ALE Pulse Width 
112 
2TCLCL 
- 
55 
ns 


TAVLL 
ADDA Valid to ALE Low 
13 
TCLCL 
- 
70 
ns 


TALLAX 
ADDA Hold after ALE Low 
33 
TCLCL 
- 
50 
ns 


TLLlV 
ALE Low to Valid Instruction 
In 
218 
4TCLCL 
- 
115 
ns 


TLLPL 
ALE Low to pSErJ Low 
28 
TCLCL 
- 
55 
ns 


TPLPH 
PSEN Pulse Width 
190 
3TCLCL 
- 
60 
ns 


TPLIV 
PSEN Low to Valid Instruction 
In 
130 
3TCLCL 
- 
120 
ns 


TPXIX 
Input Instruction 
Hold after PSEN 
0 
0 
ns 


TPXIZ 
Input Instruction 
Float after PSEN 
43 
TCLCL 
- 
40 
ns 


TAVIV 
ADDA to Valid Im;truction 
In 
297 
5TCLCL 
- 
120 
ns 


TPLAZ 
PSEN Low to ADDA Float 
25 
25 
ns 


TALAH 
AD Pulse Width 
400 
6TCLCL 
- 
100 
ns 


TWLWH 
WA Pulse Width 
400 
6TCLCL 
- 
100 
ns 


TALDV 
AD Low to Valid Data In 
232 
5TCLCL 
- 
185 
ns 


TAHDX 
Data Hold after AD 
0 
0 
ns 


TAHDZ 
Data Float after AD 
82 
2TCLCL 
- 
85 
ns 


TLLDV 
ALE Low to Valid ,)ata In 
496 
8TCLCL 
- 
170 
ns 


TAVDV 
ADDA to Valid Data In 
565 
9TCLCL-185 
ns 


TLLWL 
ALE Low to AD or WA Low 
185 
315 
3TCLCL 
- 
65 
3TCLCL + 65 
ns 


TAVWL 
ADDA to AD or WR Low 
188 
4TCLCL 
- 
145 
ns 


TaVWX 
Data Valid to WA Transition 
8 
TCLCL 
- 
75 
ns 


TWHGX 
Data Hold after WI~ 
18 
TCLCL 
- 
65 
ns 


TALAZ 
AD Low to ADD A ICloat 
0 
0 
ns 


TWHLH 
AD or WA High to ALE High 
18 
148 
TCLCL 
- 
65 
TCLCL + 65 
ns 
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12 MHz 
Variable 
Oscillator 
Symbol 
Parameter 
Oscillator 
Units 


Mln 
Max 
Mln 
Max 


TXlXl 
Serial Port ClK 
CY 
1.0 
12TClCl 
/Jos 


TQVXH 
Output Data Setup 
700 
10TClCl 
- 
133 
ns 
to ClK 
Rising Edge 


TXHGX 
Output Data Hold 
50 
2TClCl 
- 
117 
ns 
after ClK 
Rising Edge 


TXHDX 
Input Data Hold 
0 
0 
ns 
after ClK 
Rising Edge 


TXHDV 
ClK 
Rising Edge to 
700 
10TClCl 
- 
133 
ns 
Input Data Valid 


Symbol 
Parameter 
Mln 
Max 
Units 


1/TClCl 
Oscilator 
Frequency 
3.5 
12 
MHz 


TCHCX 
High Time 
20 
ns 


TClCX 
low 
Time 
20 
ns 


TClCH 
Rise Time 
20 
ns 


TCHCl 
Fall Time 
20 
ns 


4.3 
AID Converter 
Specifications 
TA = -40°C 
to + 125°C case temperature, 
Vcc = 4.5 TO 5.5 V, VREF = 4.5 TO 5.5V, Vss = ANGND = OV 


The absolute 
conversion 
accuracy 
i:; dependent 
on the accuracy 
of the VREF. The specifications 
given below assume 
adherence 
to the operating 
conditions 
section 
of this data sheet. 


Resolution 
8 bits 
Accuracy 
± 'I. LSB 
Differential 
nonlinearity 
± 'I. LSII 
Integral 
nonlinearity 
± 1 LSB 
Channel 
to channel 
matching 
± 1 LSB 
Cross talk (DC to 100 KHz) 
- 60 dB 


1V1.~~\!Y,.,~ 1V.ita ~neets, 
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• 
High Performance 
HMOS Process 


• 
Internal 
Timers/Event 
Counters 


• 
2·Level 
Interrupt 
Priorit)' Structure 


• 
32 I/O 
Lines (Four 8-Bit Ports) 


• 
64K Program 
Memory 
SI)aCe 


• 
Security 
Feature 
Protects 
EPROM Parts 
Against 
Software 
Piracy 


• 
Boolean 
Processor 


• 
Bit-Addressable 
RAM 


• 
Programmable 
Full Duplex Serial 
Channel 


• 
111 Instructions 
(64 Single-Cycle) 


• 
64K Data Memory 
Space 


• 
Available 
in LCC, PLCC, and DIP 
Packages 


(See 
Packaging 
Outline 
and Dimensions, 
Order 
# 231369) 


The MCS@-51 products 
are optimized 
for control 
applications, 
Byte-processing 
and numerical 
operations 
on 
small data structures 
are facilitated 
by a variety of fast addressing 
modes for accessing 
the internal 
RAM, The 
instruction 
set provides 
a conveni"mt 
menu of 8-bit arithmetic 
instructions, 
including 
multiply and divide instruc- 
tions. 
Extensive 
on-chip 
support 
is provided 
for one-bit 
variables 
as a separate 
data type, allowing 
direct 
bit 
manipulation 
and testing 
in control 
and logic systems 
that require Boolean 
processing. 


Device 
Inlternal Memory 
Tlmersl 
Interrupts 
Progranl 
Data 
Event Counters 


8052AH 
8Kx8 
ROM 
256x8 
RAM 
3 x 16-Bit 
6 
8051AH 
4Kx8 
ROM 
128x8 
RAM 
2 x 16-Bit 
5 
8051 
4Kx8 
ROM 
128x8 
RAM 
2 x 16-Bit 
5 
8032AH 
none 
256x8 
RAM 
3 x 16-Bit 
6 
8031AH 
none 
128 x8 RAM 
2 x 16-Bit 
5 
8031 
none 
128x8 
RAM 
2 x 16-Bit 
5 
8751H 
4Kx8 
EPROM 
128x8 
RAM 
2 x 16-Bit 
5 
8751H-8 
4Kx8 
EPROM 
128x8RAM 
2 x 16-Bit 
5 


The 8751H 
is an EPROM 
version 
of the 8051AH; 
that 
is, the on-chip 
Program 
Memory 
can be electrically 
programmed, 
and can be erased by exposure 
to ultraviolet 
light. It is fully compatible 
with its predecessor, 
the 
8751-8, 
but incorporates 
two new features: 
a Program 
Memory 
Security 
bit that can be used to protect 
the 
EPROM against unauthorized 
read-out, 
and a programmable 
baud rate modification 
bit (SMOD). The 8751 H-8 
is identical 
to the 8751 H but only operates 
up to 8 MHz. 


range of - 40·C to + 85·C ambient. For the automo- 
tive temperature range option, operational charac- 
teristics are guaranteed over the temperature range 
of - 40·C to + 11O·Cambient. 


Intel's extended and automotive temperature range 
products are designed to meet the needs of those 
applications whose operating requirements exceed 
commercial standards. 
The automotive, extended, and commercial temper- 
ature versions of the MCS-51 product families are 
available with or without burn-in options as listed in 
Table 1. 


With the commercial standard temperature range, 
operational characteristics are guaranteed over the 
temperature range of O·Cto + 70·C ambient. With 
the extended temperature ran£leoption, operational 
characteristics are guaranteed over the temperature 
As shown in Figure 1, temperature, burn-in, and 
package options are identified by a one- or two-letter 
prefix to the part number. 


·A 
N 
8Q 
•• 


~1 
-AHL"""" 
,'"."' 
.",." 
3=ROMLESS 
5 =ROM 


L 
PROGRAM MEMORY OPTION: 
0= 
ROM/ROM LESS 
7=EPROM 
l- 
PACKAGE TYPE OPTION: 


D = HERMETIC, TYPE D (CERDIP) DIP 
P = PLASTIC DIP 
R = HERMETIC, LEADLESS CHIP CARRIER (LCC) 
N = PLASTIC, LEADLESS CHIP CARRIER (PLCC) 
l- 
TEMPERATURE, BURN -IN 
OPTION: 


SEE TABLE I, 
COLUMN 2 


·Example: 
ANB051 indicates an automotive temperature range version of the 8051AH in a PLCC package with 4k byte ROM 
program memory. 


FISlure1. MCS<!l·51Product Family Nomenclature 


Table 1. Temperature Burn·ln Options 


Temperature 
Temperature 
Operating 
Burn-In 
Classlflcatl,on 
Designation 
Temperature 
125·C (Hr) 
·CAmblent 


Commercial 
Null 
o to +70 
None 
a 
o to +70 
168 +8 


Extended 
T 
-40 to +85 
None 
L 
-40 to +85 
168 ±8 


Automotive 
A 
-40 to +110 
None 


NOTE: 
• Other burn-in options are also available, but not standard. 
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Port 0 pins that have 1s written to them float, and in 
that state can be used as high-impedance inputs. 


Port 0 is also the multiplexed low-order address and 
data bus during accesses to external Program and 
Data Memory. In this application it uses strong inter- 
nal pullups when emitting 1s and can source and 
sink 8 LS TTL inputs. 


Vcc 


Supply voltage. 


Port 0 also receives the code bytes during program- 
ming of the EPROM parts, and outputs the code 
bytes during program verification of the ROM and 
EPROM parts. External pullups are required during 
program verification. 


Port 0 is an 8-bit open drain bidirectional I/O port. As 
an output port each pin can sink 8 LS TTL inputs. 


[ 
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T2 
P1.0 
)T2EX 
Pl.1 
Pl.2 
Pl.3 
PU 
Pl.5 
Pl.& 
Pl.7 
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AXD P3.0 
TXD P3.1 
INTO P3.2 
INTl P3.3 
TO P3 .• 
T1 P3.5 
WA P3.& 
iifjp3.7 


XTAL2 
HALl 


VSS 


VCC 
PO.O ADO 
PO.l ADl 
PO.2 AD2 
PO.3 AD3 
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A~ 
PO.5 ADS 
PO.& AD6 
PO.7 AD7 
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P2.5 A13 
P2.• An 
P2.3 All 
P2.2 Al0 
P2.1 A9 
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Port 1 is an 8-bit bidirectional 
I/O 
port with internal 
pullups. The Port 1 output buffers can sink/source 
4 


LS TIL 
inputs. 
Port 1 pins that 
have 
1s written 
to 


them are pulled 
high by the internal 
pullups, 
and in 


that state can be used as input!>. As inputs, 
Port 1 
pins that are externally 
being pulled low will source 


current 
(IlL on the data sheet) 
bElcause of the inter- 


nal pullups. 


Port 
1 also 
receives 
the 
low-order 
address 
bytes 


during programming 
of the EPROM parts and during 


program 
verification 
of the ROM and EPROM 
parts. 


In the 8032AH 
and 8052AH, 
Port 
1 pins P1.0 and 


P1.1 also serve the T2 and T2EX functions, 
respec- 


tively. 


Port 2 is an 8-bit bidirectional 
I/O 
port with internal 


pullups. The Port 2 output buffers can sink/source 
4 


LS TIL 
inputs. 
Port 2 pins that 
have 1s written 
to 


them are pulled 
high by the internal 
pullups, 
and in 


that state can be used as inputs. 
As inputs, 
Port 2 


pins that are externally 
being pul ed low will source 


current 
(IlL on the data sheet) 
because 
of the inter- 


nal pullups. 


Port 
2 
emits 
the 
high-order 
address 
byte 
during 


fetches 
from 
external 
Program 
Memory 
and during 


accesses 
to external 
Data 
Memory 
that 
use 16-bit 


addresses 
(MOVX 
@DPTR). 
In this 
application 
it 


uses strong 
internal 
pullups 
when 
emitting 
1s. Dur- 


ing accesses 
to external 
Data Memory that use 8-bit 


addresses 
(MOVX @Ri), Port 2 emits the contents 
of 


the P2 Special 
Function 
Register. 


Port 2 also receives 
the high-order 
address 
bits dur- 


ing programming 
of the 
EPROM 
parts 
and 
during 


program 
verification 
of the ROM and EPROM 
parts. 


Port 3 is an 8-bit bidirectional 
I/O 
port with internal 


pull ups. The Port 3 output buffers can sink/source 
4 


LS TIL 
inputs. 
Port 3 pins that 
have 
1s written 
to 


them are pulled 
high by the internal 
pullups, 
and in 


that state 
can be used as inputs. 
As inputs, 
Port 3 


pins that are externally 
being pulled 
low will source 


current 
(IlL on the data sheet) 
because 
of the pull- 


ups. 


Port 3 also serves 
the functions 
of various 
special 


features 
of the MCS-51 
Family, as listed below: 


Port 
Alternative 
Function 
Pin 


P3.0 
RXD (serial input port) 
P3.1 
TXD (serial output port) 
P3.2 
INTO (external 
interrupt 
0) 
P3.3 
INT1 (external 
interrupt 
1) 
P3.4 
TO (Timer 0 external 
input) 


P3.5 
I:!JTimer 
1 external input) 
P3.6 
WR (external 
data memory write strobe) 


P3.7 
RD (external 
data memory read strobe) 


intJ 


Reset 
input. A high on this pin for two machine 
cy- 
cles while the oscillator 
is running resets the device. 


Address 
Latch 
Enable 
output 
pulse for latching 
the 
low byte of the address 
during acc(~sses to external 
memory. 
This 
pin is also 
the 
pronram 
pulse 
input 
(PROG) during programming 
of the EPROM 
parts. 


In normal 
operation 
ALE 
is emittE.d at a constant 
rate of % the oscillator 
frequency, 
and may be used 
for external 
timing or clocking 
purpl)ses. 
Note, how- 
ever, that one ALE pulse is skipped 
during each ac- 
cess to external 
Data Memory. 


Program Store Enable is the read strobe to external 
Program 
Memory. 


When 
the 
device 
is executing 
code 
from 
external 
Program Memory, 
PSEN is activatecl twice each ma- 
chine 
cycle, 
except 
that 
two 
PSE~1 activations 
are 
skipped 
during each access to external 
Data Memo- 
ry. 


External Access 
enable EA must be strapped 
to VSS 
in order to enable 
any MCS-51 device to fetch code 
from 
external 
Program 
memory 
locations 
0 
to 
OFFFH (0 to 1FFFH, in the 8032AH 
and 8052AH). 


Note, however, 
that if the Security 
Bit in the EPROM 
devices 
is programmed, 
the 
device 
will 
not 
fetch 
code from any location 
in external 
Program 
Memory. 


This pin also receives 
the 21V programming 
supply 
voltage 
(Vpp) 
during 
programming 
of the 
EPROM 
parts. 


XTAL 1 and XTAL2 are the input and output, 
respec- 
tively, of an inverting 
amplifier 
which 
can be config- 
ured for use as an on-chip 
oscillator, 
as shown 
in 
Figure 4. Either a quartz crystal or ceramic 
resonator 
may be used. More detailed 
information 
concerning 
the use of the on-chip 
oscillator 
is available 
in Appli- 
cation 
Note 
AP-155, 
"Oscillators 
for 
Microcontrol- 
lers." 


To drive the device 
from an external 
clock 
source, 
XTAL 1 should 
be grounded, 
while XT AL2 is driven, 
as shown in Figure 5. There are no requirements 
on 
the duty cycle of the external 
clock signal, since the 
input 
to the 
internal 
clocking 
circuitry 
is through 
a 
divide-by-two 
flip-flop, 
but 
minimum 
and 
maximum 
high and low times specified 
on the Data Sheet must 
be observed. 


EXTERNAL 


OSCILLATOR 
---~ 
XTAL2 
SIGNAL 


inter 


•Notice: Stresses above those listed under "Abso- 
lute Maximum Ratings" may cause permanent dam- 
age to the device. This is a stress rating only and 
functional operation of the device at these or any 
other conditions above those indicated in the opera- 
tional sections of this specification is not implied. Ex- 
posure to absolute maximum rating conditions for 
extended periods may affect device reliability. 


Ambient 
Temperature 
UnderBias 
-40·Cto 
+110·C 


Storage Temperature 
- 65·C to + 150·C 


Voltage 
on EAIVPP 
Pin to Vss 
-0.5V 
to + 21.5V 


Voltage 
on Any Other Pin to Vss 
-0.5V 
to + 7V 


Power Dissipation 
1.5W 


Maximum 
Case Temperature 


Under bias 
+ 125·C 


I Typ',,,,' Th.nnal R•• ,.tanc. 
Junotlon to Ambient (8Jol 
Package 
8Ja 
Plastic 
75·C/W 
CERDIP 
36·C/W 
PLCC 
46·C/W 


Symbol 
Parameter 
Mln 
Max 
Units 
Test Conditions 


VIL 
Input Low Voltage 
(E)(cept EA Pin of 
-0.5 
0.7 
V 
8751 H & 8751 H-8) 


VIL1 
Input Low Voltage to EA Pin of 
0 
0.6 
V 
8751 H & 8751 H-8 


VIH 
Input High Voltage 
(EKcept XTAL2, RST) 
2.0 
Vee + 0.5 
V 


VIH1 
Input High Voltage to XT AL2, RST 
2.5 
Vee + 0.5 
V 
XTAL1 = Vss 


VOL 
Output Low Voltage 
(ports 1, 2, 3)· 
0.45 
V 
IOL = 1.6 mA 


Vou 
Output Low Voltage 
(Port 0, ALE, PSEN)· 


8751 H, 8751 H-8 
0.60 
V 
IOL = 3.2mA 


0.45 
V 
IOL = 2.4 mA 


All Others 
0.45 
V 
IOL = 3.2mA 


VOH 
Output High Voltage 
(Ports 1, 2, 3, ALE, PSEN) 
2.4 
V 
IOH = -80/LA 


VOH1 
Output High Voltage 
(Port 0 in 
2.4 
V 
IOH = -400/LA 


External Bus Mode) 


IlL 
Logical 0 Input Current (Ports 1, 2, 3, 


RST) 8032AH, 
805:~AH 
-800 
/LA 
VIN = 0.45V 
All Others 
-500 
/LA 
VIN = 0.45V 


IIL1 
Logical 0 Input Current to EA Pin of 
-15 
mA 
8751 H & 8751 H-8 Only 


IIL2 
Logical 0 Input Current (XTAL2) 
-4.0 
mA 
VIN = 0.45V 


III 
Input Leakage Current (Port 0) 
8751 H & 8751 H-8 
±125 
/LA 
0.45 s: VIN s: Vee 


All Others 
±10 
/LA 
0.45 s: VIN s: Vee 


IIH 
Logical 1 Input Current to EA Pin of 
500 
/LA 
8751 H & 8751 H-8 


IIH1 
Input Current to RST to Activate 
Reset 
500 
/LA 
VIN < (Vee - 
1.5V) 


Symbol 
Parameter 
Mln 
Max 
Units 
Test Conditions 


Icc 
Power Supply Current 
8031/8051 
175 
mA 
8031AH/8051AH 
135 
mA 
All Outputs 
8032AH/8052AH 
175 
mA 
Disconnected; 
8751 H/8751 H-8 
265 
mA 
EA = Vcc 


CIO 
Pin Capacitance 
10 
pF 
Test freq = 1 MHz 


"NOTE: 
Capacitive 
loading 
on Ports 0 and 2 may cause 
spurious 
noise pulses 
to be superimposed 
on the VOLs 
of ALE and Ports 
1 
and 3. The noise is due to external 
bus, capacitance 
discharging 
into the Port 0 and Port 2 pins when these 
pins make 
1-to-0 
transitions 
during 
bus operations. 
In the worst 
cases 
(capacitive 
loading> 
100 pF), the noise 
pulse 
on the ALE 
line may 
exceed 
O.BV. In such cases 
it may be desirable 
to qualify ALE with a Schmitt 
Trigger. 
or use an address 
latch with a Schmitt 
Trigger 
STROBE 
input. 


A.C. CHARACTERISTICS 
TA = - 40·C to + 11QOC;Vcc = 5V ± 10%; VSS = OV; 
Load Capacitance 
for Port 0, ALE, and PSEN = 100 pF; 
Load Capacitance 
for All Other Outputs = 80 pF 


Symbol 
Parameter 
12 MHz Oscillator 
Variable 
Oscillator 
Units 
Mln 
Max 
Mln 
Max 


1/TCLCL 
Oscillator 
Frequency 
3.5 
12.0 
MHz 


TLHLL 
ALE Pulse Width 
127 
2TCLCL-40 
ns 


TAVLL 
Address 
Valid to ALE Low 
43 
TCLCL-40 
ns 


TLLAX 
Address 
Hold after ALE Low 
48 
TCLCL-35 
ns 


TLLlV 
ALE Low to Valid Inslr In 
8751H 
183 
4TCLCL-150 
ns 
All Others 
233 
4TCLCL-100 
ns 


TLLPL 
ALE Low to PSEN Low 
58 
TCLCL-25 
ns 


TPLPH 
PSEN Pulse Width 
8751H 
190 
3TCLCL-60 
ns 
All Others 
175 
3TCLCL-75 
ns 


TPLIV 
PSEN Low to Valid Irstr In 
8751H 
100 
3TCLCL-150 
ns 
All Others 
125 
3TCLCL-125 
ns 


TPXIX 
Input Instr Hold after PSEN 
0 
0 
ns 


TPXIZ 
Input Instr Float after PSEN 
63 
TCLCL-20 
ns 


TPXAV 
PSEN to Address 
Valid 
75 
TCLCL-8 
ns 


TAVIV 
Address 
to Valid Instr In 
8751H 
267 
5TCLCL-150 
ns 
All Others 
302 
5TCLCL-115 
ns 


TPLAZ 
PSEN Low to Address 
Float 
20 
20 
ns 


TALAH 
AD Pulse Width 
400 
6TCLCL-100 
ns 


TWLWH 
WA Pulse Width 
400 
6TCLCL-100 
ns 


TALDV 
AD Low to Valid Data In 
252 
5TCLCL-165 
ns 


TAHDX 
Data Hold after AD 
0 
0 
ns 


TAHDZ 
Data Float after AD 
97 
2TCLCL-70 
ns 


TLLDV 
ALE Low to Valid Dat.a In 
517 
8TCLCL-150 
ns 


TAVDV 
Address 
to Valid Data In 
585 
9TCLCL-165 
ns 


TLLWL 
ALE Low to AD or WFi Low 
200 
300 
3TCLCL-50 
3TCLCL+50 
ns 


inter 


A.C. 
CHARACTERISTICS 
TA = -40·Cto 
+110·C;Vcc 
= 5V ±10%;Vss 
= OV; 
Load Capacitance for Port 0, ALE, and PSEN = 100 pF; 
Load Capacitance for All Other Outputs = 80 pF (Continued) 


Symbol 
Parameter 
12 MHz Oscillator 
Variable Oscillator 
Units 
Min 
Max 
Mln 
Max 
TAVWL 
Address to AD or VVRLow 
203 
4TCLCL-130 
ns 


TOVWX 
Data Valid to WR Transition 
8751H 
13 
TCLCL-70 
ns 
All Others 
23 
TCLCL-60 
ns 
TOVWH 
Data Valid to WR High 
433 
7TCLCL-150 
I 
ns 
TWHOX 
Data Hold after WFi 
33 
TCLCL-50 
ns 


TRLAZ 
AD Low to Addres~;Float 
20 
20 
ns 
TWHLH 
RD or WA High to ALE High 
8751H 
33 
133 
TCLCL-50 
TCLCL+50 
ns 
All Others 
43 
123 
TCLCL-40 
TCLCL+40 
ns 


NOTE: 
"This 
table does not include 
the 8751-8 
A.C. characteristics 
(see below). 


A.C. 
CHARACTERISTICSTA 
= -40·Cto 
+110·C;VCC = 5V ±10%;VSS = OV; 
Load Capacitance for Port 0, ALE, and PSEN = 100 pF; 
Load Capacitance for All Other Outputs = 80 pF 


Symbol 
Parameter 
8 MHz Oscillator 
Variable Oscillator 
Units 
Mln 
Max 
Min 
Max 


1/TCLCL 
Oscillator Frequenc:y 
3.5 
8.0 
MHz 


TLHLL 
ALE Pulse Width 
210 
2TCLCL-40 
ns 


TAVLL 
Address Valid to AL.ELow 
85 
TCLCL-40 
ns 


TLLAX 
Address Hold after ALE Low 
90 
TCLCL-35 
ns 


TLLlV 
ALE Low to Valid Instr In 
350 
4TCLCL-150 
ns 


TLLPL 
ALE Low to PSEN L.ow 
100 
TCLCL-25 
ns 


TPLPH 
PSEN PulseWidth 
315 
3TCLCL-60 
ns 


TPLIV 
PSEN Low to Valid Instr In 
225 
3TCLCL-150 
ns 


TPXIX 
Input Instr Hold after PSEN 
0 
0 
ns 


TPXIZ 
Input Instr Float aftEirPSEN 
105 
TCLCL-20 
ns 


TPXAV 
PSEN to Address Va.lid 
117 
TCLCL-8 
ns 


TAVIV 
Address to Valid Instr In 
475 
5TCLCL-150 
ns 


TPLAZ 
PSEN Low to Address Float 
20 
20 
ns 


TALRH 
RD Pulse Width 
650 
6TCLCL-100 
ns 


TWLWH 
WA Pulse Width 
650 
6TCLCL-100 
ns 


TALDV 
AD Low to Valid Data In 
460 
5TCLCL-165 
ns 


TRHDX 
Data Hold after RD 
0 
0 
ns 


inter 


A.C. CHARACTERISTICSTA 
= -40·Cto 
+1WC;VCC 
= 5V ±10%;VSS 
= OV; 
L.oad Capacitance 
for Port O.ALE. and PSEN = 100 pF; 
L.oad Capacitance 
for All Other Outputs 
= 80 pF (Continued) 


Symbol 
Parameter 
8 MHz Oscillator 
Variable 
Oscillator 
Units 
Mln 
Max 
Mln 
Max 


TRHDZ 
Data Float after RD 
180 
2TCLCL-70 
ns 


TLLDV 
ALE Low to Valid Data In 
850 
8TCLCL-150 
ns 


TAVDV 
Address 
to Valid Data In 
960 
9TCLCL-165 
ns 


TLLWL 
ALE Low to RD or WR" Low 
325 
425 
3TCLCL-50 
3TCLCL+50 
ns 


TAVWL 
Address 
to RD or WR Low 
370 
4TCLCL-130 
ns 


TOVWX 
Data Valid to WR Transition 
55 
TCLCL-70 
ns 


TOVWH 
Data Valid to WR High 
725 
7TCLCL-150 
ns 


TWHOX 
Data Hold after WR 
75 
TCLCL-50 
ns 


TRLAZ 
RD Low to Address 
Float 
20 
20 
ns 


TWHLH 
RD or WR High to ALE High 
75 
175 
TCLCL-50 
TCLCL+50 
ns 


X 
A8_-_A'_S 
_ 


X 
AI-A 
15 FROM 
PCH 


X~__A_8_-_A_1_5_F_R_O_M_P_C_H 
_ 


SERIAL PORT TIMING-SHIFT 
REGISTER MODE 
Test Conditions: 
TA = 
-40°C 
to + 110°C; VCC = 5V ± 10%; Vss = OV; Load Capacitance 
= 80 pF 


Symbol 
Parameter 
12 MHz Oscillator 
Variable 
Oscillator 
Units 


Mln 
Max 
Mln 
Max 


TXLXL 
Serial Port Clock CyCIEl Time 
1.0 
12TCLCL 
,...s 


TOVXH 
Output Data Setup to Clock Rising 
700 
1OTCLCL -133 
ns 


Edge 


TXHOX 
Output Data Hold after Clock 
50 
2TCLCL-117 
ns 


Rising Edge 


TXHDX 
Input Data Hold after Clock Rising 
0 
0 
ns 


Edge 


TXHDV 
Clock Rising Edge to Input Data 
700 
1OTCLCL -133 
ns 


Valid 
" 


ALE 


l~tlLlL-~ 


I•.. lOVIH-.1 r.- '-HO' 
I 
--~\_- 
_-_ ~_X 
X 
_ 


".0'I-~j f-".o, 


x 
X 
X 
X 
X 
/ 
t 


Symbol 
Parameter 
Mln 
Max 
Units 


1/TClCl 
Oscillatclr 
Frequency 
(except 8751 H-8) 
3.5 
12 
MHz 
87511-1-8 
3.5 
8 
MHz 


TCHCX 
High Time 
20 
ns 


TClCX 
low Time 
20 
ns 


TClCH 
Rise Tirre 
20 
ns 


TCHCl 
Fall Timo 
20 
ns 


2.5~1CX 


~ 


2.0> 
TESTPOINTS~ 


0.' 
~ 


270499-12 
A.G. Testing: 
Inputs 
are driven 
at 2.4V for a Logic 
"1" 
and 0.45V 
for a Logic "0". 
Timing 
measurements 
are made 
at 2.0V 
for a 
Logic 
"1" 
and O.BV for a Logic 
"0". 


inter 


Mode 
RST 
"SEN 
ALE 
EA 
P2.7 
P2.6 
P2.5 
P2.4 


Program 
1 
0 
O' 
Vpp 
1 
0 
X 
X 


Inhibit 
1 
0 
1 
X 
1 
0 
X 
X 


Verify 
1 
0 
1 
1 
0 
0 
X 
X 


Security Set 
1 
0 
O' 
Vpp 
1 
1 
X 
X 


NOTE: 
"1" = logic high for that pin 
"0" = logic low for that pin 
"X" = "don't care" 


To be programmed, 
the part must be running with a 


4 to 
6 MHz 
oscillator. 
(The 
rea,on 
the 
oscillator 


needs to be running 
is that the internal 
bus is being 


used to transfer 
address 
and program 
data to appro- 


priate internal 
registers.) 
The address 
of an EPROM 


location 
to be programmed 
is app lied to Port 1 and 


pins P2.0-P2.3 
of Port 2, while the code byte to be 


programmed 
into that 
location 
is applied 
to Po~ 


The 
other 
Port 
2 pins, 
and 
RS,., 
PSEN, 
and 
EA 


should 
be held at the "Program" 
levels indicated 
in 


Table 2. ALE is pulsed low for 50 inS to program 
the 


code byte into the addressed 
EPFIOM location. 
The 


setup is shown 
in Figure 6. 


Normally 
EA is held at a logic high until just before 


ALE is to be pulsed. 
Then 
EA is raised 
to 
+21V, 
ALE is pulsed, 
and then 
EA is wturned 
to a logic 


high. Waveforms 
and detailed 
tirring 
specifications 


are shown 
in later sections 
of this data sheet. 


R$T 
.....- 
VIH1 


PSEN 1 


"Vpp" = +21V 
±0.5V 


•ALE is pulsed low for 50 ms. 


Note that the EAlVpp 
pin must not be allowed 
to go 


above the maximum 
specified 
Vpp level of 21.5V for 


any amount 
of time. Even a narrow glitch above that 


voltage 
level can cause 
permanent 
damage 
to the 


device. 
The 
Vpp source 
should 
be well 
regulated 


and free of glitches. 


Program Verification 


If the Security 
Bit has not been programmed, 
the on- 


chip Program 
Memory 
can be read out for verifica- 


tion 
purposes, 
if desired, 
either 
during 
or after 
the 


programming 
operation. 
The address of the Program 


Memory 
location 
to be read is applied 
to Port 1 and 


pins P2.0-P2.3. 
The other pins should be held at the 


"Verify" 
levels indicated 
in Table 2. The contents 
of 


the addressed 
location 
will come out on Port O. Ex- 


ternal 
pull ups are required 
on Port 0 for this opera- 


tion. 


The setup, which 
is shown 
in Figure 7, is the same 


as for programming 
the EPROM except that pin P2.7 


is held at a logic low, or may be used as an active- 
low read strobe. 


inter 


The security feature consists 
of a "locking" 
bit which 
when 
programmed 
denies 
electrical 
access 
by any 
external 
means 
to 
the 
on-chip 
Program 
Memory. 
The 
bit is programmed 
as shown 
in Figure 
8. The 
setup 
and 
procedure 
are the 
same 
as for 
normal 
EPROM 
programming, 
except 
that P2.6 is held at a 
logic high. Port 0, Port 1, and pins P2.0-P2.3 
may be 
in any state. 
The other 
pins should 
be held at the 


"Security" 
levels indicated 
in Table 2. 


Once the Security 
Bit has been programmed, 
it can 
be cleared 
only by full erasure (If the Program 
Mem- 
ory. While 
it is programmed, 
the 
internal 
Program 
Memory 
can not be read out, ttle device 
can not be 
further 
programmed, 
and it can not execute 
out of 
external 
program 
memory. 
E'rasing the 
EPROM, 
thus clearing 
the Security 
Bit, restores 
the device's 
full functionality. 
It can then be reprogrammed. 


Erasure 
of the 
EPROM 
begins 
to occur 
when 
the 
chip 
is exposed 
to 
light 
with 
wavelengths 
shorter 
than approximately 
4,000 Angstroms. 
Since sunlight 
and 
fluorescent 
lighting 
have 
wavelengths 
in this 
range, 
exposure 
to these 
light :sources over an ex- 
tended 
time (about 1 week in sunlight, 
or 3 years in 
room-level 
fluorescent 
lighting) Gould cause inadver- 
tent erasure. 
If an application 
subjects 
the device to 
this type of exposure, 
it is suggested 
that an opaque 
label be placed 
over the window. 


The 
recommended 
erasure 
procedure 
is exposure 
to ultraviolet 
light (at 2537 Angstroms) 
to an integrat- 
ed dose 
of at least 
15 W-secl cm2. 
Exposing 
the 
EPROM 
to an ultraviolet 
lamp 
of 12,000 
p..W/cm2 
rating for 20 to 30 minutes, 
at a distance 
of about 
1 
inch, should 
be sufficient. 


EPROM 
PROGRAMMINCi 
AND VERIFICATION 
CHARACTERISTICS 
TA = 21 
CC to 27"C; Vcc = 5V ±10%; 
Vss = ov 


Symbol 
Parameter 
Mln 
Max 
Units 


Vpp 
Programming 
Supply Voltage 
20.5 
21.5 
V 


Ipp 
Programming 
Supply Current 
30 
mA 


1/TCLCL 
Oscillato' 
Frequency 
4 
6 
MHz 


TAVGL 
Address 
Setup to PROG Low 
48TCLCL 


TGHAX 
Address 
Hold after PROG 
48TCLCL 


TDVGL 
Data Setup to PROG Low 
48TCLCL 


TGHDX 
Data Hold after PROG 
48TCLCL 


TEHSH 
P2.7 (ENABLE) 
High to Vpp 
48TCLCL 


TSHGL 
Vpp Setup to PROG Low 
10 
IJos 


TGHSL 
Vpp Hold after PROG 
10 
IJos 


TGLGH 
PROGWidth 
45 
55 
ms 


TAVQV 
Address to Data Valid 
48TCLCL 


TELQV 
ENABLE 
Low to Data Valid 
48TCLCL 


TEHQZ 
Data Floclt after ENABLE 
0 
48TCLCL 


inter 


8051AHP 
MCS®-51 FAMILY 
8-BIT CONTROL-ORIENTED 
MICROCONTROLLER 
'NITH PROTECTED ROM 
AUTOMOTIVE 


• 
High Performance 
HMOS Process 


• 
Internal 
Timers/Event 
CI)Unters 


• 
2-Level 
Interrupt 
Priorit~'Structure 


• 
32 I/O Lines (Four a-Bit Ports) 


• 
4K Program 
Memory 
Space 


• 
Protection 
Feature 
ProtE!cts ROM Parts 
Against 
Software 
Piracy 


• 
Boolean 
Processor 


• 
Bit·Addressable 
RAM 


• 
Programmable 
Full Duplex Serial 
Channel 


• 
111 Instructions 
(64 Single-Cycle) 


• 
4K Data Memory 
Space" 
"Expandable 
to 64K 


• 
Available 
in 40 Pin Plastic and CERDIP 


Packages 


(See 
Packaging 
Outlines 
and Dimensions 
Order 
#231369) 


The MCS®-51 
products 
are optimized 
for control 
applications. 
Byte-processing 
and numerical 
operations 
on 


small data structures 
are facilitatEld by a variety of fast addressing 
modes for accessing 
the internal 
RAM. The 


instruction 
set provides 
a convenient 
menu of 8-bit arithmetic 
instructions, 
including 
multiply and divide instruc- 


tions. 
Extensive 
on-chip 
support 
is provided 
for one-bit 
variables 
as a separate 
data type, allowing 
direct 
bit 


manipulation 
and testing 
in control 
and logic systems 
that require Boolean 
processing. 


MCS·51 HMOS 
Internal 
Memory 
Timersl 
Interrupts 
Family Device 
Pra,gram 
Data 
Event Counters 


8051AH 
4Kx 
B ROM 
128 x8 RAM 
2 x 16-Bit 
5 


8051AHP 
4Kx 
B ROM 
128x8 
RAM 
2 x 16-Bit 
5 


The 8051AHP 
is identical 
to the 8051AH 
with the exception 
of the Protection 
Feature. 
To incorporate 
this 


Protection 
Feature, 
program 
verillication 
has been disabled 
and external 
memory 
accesses 
have been limited 


to 4K. 


Vcc r------·---- 
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Figure 1. MCS®-51 
Block Diagram 


Port 0 is also the multiplexed 
low-order 
address 
and 


data bus during accesses 
to external 
Program 
and 
Data Memory. 
In this application 
it uses strong inter- 


nal pullups 
when 
emitting 
1s and can source 
and 
sink-a LS TTL inputs. 
Vcc 


Supply voltage. 
Port 0 also receives 
the code bytes during program- 


ming 
of the 
EPROM 
parts, 
and 
outputs 
the 
code 
bytes 
during 
program 
verification 
of the 
ROM 
and 


EPROM 
parts. 
External 
pullups 
are required 
during 


program 
verification. 


Port 0 is an a-bit open drain bidirectional 
I/O port. As 


an output 
port each 
pin can sink a LS TTL inputs. 


Port 1 is an a bit bidirectional 
I/O 
port with internal 


pullups. The Port 1 output buffers 
can sink source 4 


LS TTL inputs. 
Port 1 pins that 
have 
1s written 
to 
Port 0 pins that have 1s written 
to them float, and in 
that state can be used as high-impedance 
inputs. 


Diagrams 
arl) for pin reference 
only. Package 
sizes are not to scale. 


"': 
"! 
N 
~ o ~~ci 
N 
.., 
INDEX 
ci ci 
P1,0 
"0 ~vcc 
CORNER 
.. .. .. .. .. z 
> 
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Q. .. .. 


P101 
39 :J PO.O(AOO) 


P102 
38 :J PO.1 (AD1) 


37 :J PD.2 (AD2) 
P105 


36 :J PO.3 (AD3) 
P106 


P1.5 
6 
35 :J PO." ("'04) 
P107 


P106 
34 :J PD.5 (ADS) 
R5T 


P1.7 
33 :J PO.6 (AD6) 
P3.0 


RESET 
32 :J PD.7 (AD7) 
NC 


(RXD) 
Po3.0 
31 :J U/Vpp• 
P3.1 
(TXD) P3.1 
3D :JAlE/PROG' 
P3.2 
(INTO) P3.2 
29 :J PSEN 


(iNf1) 
P.1.3 
28 
J P2.7 
(A15) 
P3.3 


(TO) P3.4 
27 J P2.6 
(A14) 
P3.4 


(T1) P3.5 
26 J P2.5 
(A13) 
P3.5 


(ViR) P3.6 
25 
JP2.4 
(A12) 
(ilii) P3.7 
2" 
JP2.3 
(A11) 
'" •.. ~ 
"'0 
0 
- 
N ..,. 


XTAl2 
23 J P2.2 
(AID) 
~ 
,.; 
-' ,:oz 
N N 
N 
N N 
.. ~ ~ 
.. .. .. .. .. 


XTAl1 
22 
J P2.1 
(A9) 
)( 


Vss 
2' 
J P2.0 
(A8) 
270494-11 


270494-3 
Pad 


Pin 
(LCC, PLCC) 


(CERDIP, 
POll) 


'EPROM only 


Figure 2. MCS~·51 Connections 


them 
are pulled 
high by the internal 
pullups, 
and in 
that state can be used as input:>. As inputs, 
Port 1 
pins that are externally 
being pulled 
low will source 
current 
(IlL, on the data sheet) because 
of the inter- 
nal pullups. 


Port 2 is an 8-bit bidirectional 
I/O 
port with internal 
pull ups. The Port 2 output buffers can sink/source 
4 
LS TTL inputs. 
Port 2 pins that 
have 
1s written 
to 
them 
are pulled 
high by the internal 
pullups, 
and in 
that state 
can be used as inputH. As inputs, 
Port 2 
pins that are externally 
being pulled 
low will source 
current 
(IlL on the data sheet) 
bElcause of the inter- 
nal pullups. 


Port 
2 emits 
the 
high-order 
acldress 
byte 
during 
fetches 
from 
external 
Program 
Memory 
and during 
accesses 
to external 
Data Memory 
that 
use 16-bit 
addresses 
(MOVX 
@DPTR). 
In this 
application 
it 
uses strong 
internal 
pull ups when 
emitting 
1s. Bits 
P2.4 through 
P2.7 are forced to 0, effectively 
limiting 
external 
Data 
and Code 
space 
to 4K each 
in the 
8051AHP 
during external 
accessEls·. 
During access- 
es to external 
Data Memory that use 8-bit addresses 
(MOVX 
@Ri), Port 2 emits 
the contents 
of the 
P2 
Special 
Function 
Register. 


Port 2 also receives 
the high-ardor 
address 
bits dur- 
ing programming 
of the 
EPROM 
parts 
and 
during 
program 
verification 
of the ROM and EPROM 
parts . 


• Protection feature 


Port 3 is an 8-bit bidirectional 
I/O 
port with internal 
pullups. The Port 3 output buffers can sink/source 
4 
LS TTL inputs. 
Port 3 pins that 
have 
1s written 
to 
them are pulled 
high by the internal 
pull ups, and in 
that state can be used as inputs. 
As inputs, 
Port 3 
pins that are externally 
being pulled 
low will source 
current 
(IlL on the data sheet) 
because 
of the pull- 
ups. 


Port 3 also serves 
the functions 
of various 
special 
features 
of the MCS-51 
Family, as listed below: 


Port 
Alternative 
Function 
Pin 


P3.0 
RXD (serial input port) 
P3.1 
TXD (serial output port) 
P3.2 
INTO (external 
interrupt 0) 
P3.3 
INT1 (external 
interrupt 
1) 
P3.4 
TO (Timer 0 external 
input) 
P3.5 
T1 (Timer 1 external 
input) 
P3.6 
WR (external 
data memory write strobe) 
P3.7 
RD (external 
data memory read strobe) 


Reset 
input. A high on this pin for two machine 
cy- 


cles while the oscillator 
is running resets the device. 


Address 
Latch 
Enable 
output 
pul!;e for latching 
the 


low byte of the address 
during aCI:esses to external 
memory. 


In normal 
operation 
ALE 
is emitted 
at a constant 


rate of % the oscillator 
frequency, 
and may be used 


for external 
timing or clocking 
purposes. 
Note, how- 
ever, that one ALE pulse is skippod 
during each ac- 


cess to external 
Data Memory. 


Program 
Store Enable is the read strobe to external 


Program 
Memory. 


When 
the 
device 
is executing 
cl)de 
from 
external 
Program 
Memory, 
PSEN is activated 
twice each ma- 


chine 
cycle, 
except 
that 
two 
PSEN activations 
are 


skipped 
during each access to external 
Data Memo- 


ry. 


EA/Vpp 


External 
Access 
enable 
EA shoLlld be strapped 
to 


Vcc 
for 
internal 
program 
executions. 
EA must 
be 


strapped 
to Vss in order to enable 
any MCS-51 de- 


vice to fetch 
code 
from 
external 
Program 
memory 
locations 
0 to OFFFH. 


XTAL1 and XTAL2 are the input and output, 
respec- 


tively, of an inverting 
amplifier 
which 
can be config- 


ured for use as an on-chip 
oscillator, 
as shown 
in 


Figure 3. Either a quartz crystal or ceramic 
resonator 


may be used. More detailed 
information 
concerning 


the use of the on-chip 
oscillator 
is available 
in Appli- 


cation 
Note 
AP-155, 
"Oscillators 
for 
Microcontrol- 


lers." 


To drive the device 
from 
an external 
clock 
source, 


XTAL 1 should 
be grounded, 
while XTAL2 is driven, 


as shown in Figure 4. There are no requirements 
on 


the duty cycle of the external 
clock signal, since the 


input 
to the internal 
clocking 
circuitry 
is through 
a 


divide-by-two 
flip-flop, 
but minimum 
and 
maximum 


high and low times specified 
on the Data Sheet must 


be observed. 


EXTERNAL 


OSCILLATOR 
---~ 
XTAL2 


SIGNAL 


The 8051AHP 
cannot 
access 
external 
Program 
or 


Data memory 
above 4K. This means that the follow- 


ing instructions 
that use the Data Pointer only read/ 


write data at address 
locations 
below 4K: 


MOVX A. @DPTR 
MOVX 
@DPTR. 
A 


When 
the Data Pointer 
contains 
an address 
above 


the 4K limit, those 
locations 
will not be accessed. 


•Notice: Stresses above those listed under '~bso- 
lute Maximum Ratings" may cause permanent dam- 
age to the device. This is a stress rating only and 
functional operation of the device at these or any 
other conditions above those indicated in the opera- 
tional sections of this specification is not implied. Ex- 
posure to absolute maximum rating conditions for 
extended periods may affect device reliability. 


Ambient 
Temperature 
Under E,ias -40°C 
to + 110°C 


Storage Temperature 
-65°C 
to + 150°C 


Voltage on EAlVpp 
Pin to VSS 
-0.5V 
to + 21.5V 


Voltage on Any Other Pin to Vss 
-0.5V 
to + 7V 


Power Dissipation 
1.5W 


Typical Thermal 
Resistance 
Junction 
to Ambient 


Package 
8ja 
Plastic 
75°C/W 
CERDIP 
36°C/W 


Symbol 
I'arameter 
Min 
Max 
Units 
Test Conditions 


VIL 
Input Low Voltage 
-0.5 
0.8 
V 


VIH 
Input High Voltage (Except XTAL2, RST) 
2.0 
Vee + 0.5 
V 


VIH1 
Input High Voltage to XTAL2, RST 
2.5 
Vee + 0.5 
V 
XTAL1 
=Vss 


VOL 
Output Low Voltage 
(Ports 1, 2, 3)' 
0.45 
V 
IOL = 1.6 mA 


Vou 
Output Low Voltage 
(Port 0, ALE, PSEN)' 
0.45 
V 
IOL = 3.2 mA 


VOH 
Output High Voltage 
(Ports 1, 2, 3, ALE, PSEN) 
2.4 
V 
IOH = 
-80/LA 


VOH1 
Output High Voltage 
(Port 0 in External 
Bus Mode) 
2.4 
V 
IOH = 
- 400 /LA 


IlL 
Logical 0 Input Current 
-500 
/LA 
VIN = O.4SV 


11L2 
Logical 0 Input Current (XTAL2) 
-3.2 
mA 
VIN = 0.45V 


III 
Input Leakage Curre1t (Port 0) 
±10 
/LA 
0.45:::; VIN :::;Vee 


IIH 
Input Current to RST to Activate 
Reset 
500 
/LA 
VIN < (Vee - 
1.5V) 


Ice 
Power Supply Current 
125 
mA 
All Outputs 
Disconnected; 


EA = Vee 


CIO 
Pin Capacitance 
10 
pF 
Test freq = 
1 MHz 


'NOTE: 
Capacitive loading on Ports 0 and ;! may cause spurious noise pulses to be superimposed on the VOLsof ALE and Ports 1 
and 3. The noise is due to external bus capacitance discharging into the Port 0 and Port 2 pins when these pins make 1-to-0 
transitions during bus operations. In the worst cases (capacitive loading> 
100 pF), the noise pulse on the ALE line may 
exceed o.av. In such cases it may be desirable to qualify ALE with a Schmitt Trigger, or use an address latch with a Schmitt 
Trigger STROBE input. 


inter 


A.C. CHARACTERISTICS. 
TA = -40·Cto 
+110·C;Vcc 
= 5V ±10%;Vss 
= OV; 
Load Capacitance 
for Port 0, ALE, and PSEN = 100 pF; 
Load Capacitance 
for All Other Outputs 
= 80 pF 


Symbol 
Parameter 
12 MHz Oscillator 
Variable 
Oscillator 
Units 
Min 
Max 
Min 
Max 


1/TCLCL 
Oscillator 
Frequency 
3.5 
12.0 
MHz 


TLHLL 
ALE Pulse Width 
127 
2TCLCL-40 
ns 


TAVLL 
Address 
Valid to ALE Low 
43 
TCLCL-40 
ns 


TLLAX 
Address 
Hold after ALE Low 
48 
TCLCL-35 
ns 


TLLlV 
ALE Low to Valid Instr In 
233 
4TCLCL-100 
ns 


TLLPL 
ALE Low to PSEN l.ow 
58 
TCLCL-25 
ns 


TPLPH 
PSEN Pulse Width 
215 
3TCLCL-35 
ns 


TPLIV 
PSEN Low to Valid Instr In 
125 
3TCLCL-125 
ns 


TPXIX 
Input Instr Hold after PSEN 
0 
0 
ns 


TPXIZ 
Input Instr Float aftor PSEN 
63 
TCLCL-20 
ns 


TPXAV 
PSEN to Address 
Valid 
75 
TCLCL-8 
ns 


TAVIV 
Address 
to Valid Instr In 
302 
5TCLCL-115 
ns 


TPLAZ 
PSEN Low to Address 
Float 
20 
20 
ns 


TRLRH 
RD Pulse Width 
400 
6TCLCL-100 
ns 


TWLWH 
WR Pulse Width 
400 
6TCLCL-100 
ns 


TRLDV 
RD Low to Valid Data In 
252 
5TCLCL-165 
ns 


TRHDX 
Data Hold after RD 
0 
0 
ns 


TRHDZ 
Data Float after RD 
97 
2TCLCL-70 
ns 


TLLDV 
ALE Low to Valid Data In 
517 
8TCLCL-150 
ns 


TAVDV 
Address 
to Valid Data In 
585 
9TCLCL-165 
ns 


TLLWL 
ALE Low to RD or VIIR Low 
200 
300 
3TCLCL-50 
3TCLCL+50 
ns 


TAVWL 
Address to RD or WR Low 
203 
4TCLCL-130 
ns 


TOVWX 
Data Valid to WR Transition 
23 
TCLCL-60 
ns 


TOVWH 
Data Valid to WR High 
433 
7TCLCL-150 
ns 


TWHOX 
Data Hold after WR 
33 
TCLCL-50 
ns 


TRLAZ 
RD Low to Address 
Float 
20 
20 
ns 


TWHLH 
RD or WR High to ALE High 
43 
123 
TCLCL-40 
TCLCL+40 
ns 


inter 


PORTO ==> 


X 
.8-.15 
FROM PCH 


X..__A_8_-A_l_S_F_R_O_M_PC_H __ 


SERIAL PORT TIMING-5HIFT 
REGISTER MODE 
Test Conditions: 
TA = 
-40·C 
to + 110·C; Vcc = 5V ± 10%; VSS = OV; Load Capacitance 
= 80 pF 


Symbol 
Parameller 
12 MHz Oscillator 
Variable 
Oscillator 
Units 
Mln 
Max 
Mln 
Max 


TXLXL 
Serial Port Clock Cyde Time 
1.0 
12TCLCL 
J.l.s 


TOVXH 
Output Data Setup to Clock Rising 
700 
1OTCLCL - 133 
ns 
Edge 


TXHOX 
Output Data Hold af1~erClock 
50 
2TCLCL-117 
ns 
Rising Edge 


TXHDX 
Input Data Hold after Clock Rising 
0 
0 
ns 
Edge 


TXHDV 
Clock Rising Edge to Input Data 
700 
1OTCLCL -133 
ns 
Valid 


I.• 
'O· .•.• H •. I ~fU.O. 
I 
---~-. 
-:x_----JX~_~X~~X 


"H" --Jj f-"HO' 


X~~ 
~X~ 
~X"-_--J1 
t 


Slf'l 


inter 


Symbol 
Parameter 
Mln 
Max 
Units 


1/TClCl 
Oscillator Frequency 
3.5 
12 
MHz 


TCHCX 
High Time 
20 
ns 


TClCX 
low Time 
20 
ns 


TClCH 
Rise Time 
.. 
20 
ns 


TCHCl 


. 


20 
Fall Time 
ns 


2.5~;X 


~ 


2.0 
~.o 
> TEST 
POINTS 
.( 
- 


0.1 
0.1 


Program 
Verification 


The program verification test mode has been elimi- 
nated on the 8051AHP. It is not possible to verify the 
ROM contents using this mode, the way EPROM 
programmers typically do. Also, the ROM contents 
cannot be verified by a program executing out of 
external program memory due to the restricted ad- 
dressing on the 8051AHP. 


270494-10 


A.C. Testing: Inputs are driven at 2.4V for a Logic "1" and 0.45V 
for a Logic "0". Timing measurements a'e made at 2.0V for a 
Logic "1" and 0.8V for a Logic "0". 


SINGLE-CHIP 8-BIT MICROCOMPUTER 
WITH 4K BYTES OF EPROM PROGRAM MEMORY 
Automotive 


• 
Program Memory Loct: 


• 
128 Bytes Data Ram 
• 
Quick Pulse Programmlng™ 
Algorithm 


• 
12.75 Volt Programming Voltage 


• 
Boolean Processor 


• 
32 Programmable 
I/O 1.lnes 


• 
Two 16·Blt Timer/Counters 


• 
5 Interrupt Sources 


• 
Programmable Serial Channel 


• 
64K External Program Memory Space 


• 
64K External Data Memory Space 


• 
Available In LCC, PLCC and DIP 
Packages 


(See 
Packaging 
Specification. 
Order 
# 231369) 


r---------- 
v~ 


"'55 
PORT 0 
.£ 
DRIVERS 


I'S£N 


AlE/1'llllO 


O;Vpp 


RST 
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8751BH 
PRODUCT 
OPTIONS 


range of - 40°C to + 85°C ambient. 
For the automo- 


tive temperature 
range 
option, 
operational 
charac- 


teristics 
are guaranteed 
over the temperature 
range 


of -40°C 
to + 110°C ambient. 
Intel's 
extended 
and automotive 
temperature 
range 


products 
are designed 
to meet the needs 
of those 


applications 
whose 
operating 
requirements 
exceed 


commercial 
standards. 


The automotive, 
extended, 
and commercial 
temper- 


ature versions 
of the MCS@-51 product 
families 
are 


available 
with or without 
burn-in options 
as listed in 


Table 
1. 
With 
the 
commercial 
standard 
temperature 
range, 
operational 
characteristics 
are guaranteed 
over the 


temperature 
range of O°C to 70 
0e ambient. 
With the 


extended 
temperature 
range 
option, 
operational 


characteristics 
are guaranteed 
over the temperature 


As 
shown 
in Figure 
2, temperature, 
burn-in, 
and 


package 
options are identified 
by a one- or two-letter 


prefix to the part number. 


"A tl 
81 
~~1 -BHL'","' 
..."'", 
",,,., 


3=ROMLESS 
5=ROM 


L...: 
PROGRAM MEMORY OPTION: 


0= 
ROM/ROMLESS 
7 = EPROM 
L- 
PACKAGE TYPE OPTION: 


D = HERMETIC, TYPE D (CERDIP) DIP 
P = PLASTIC DIP 
R = HERMETIC, LEADLESS CHIP CARRIER (LCC) 
N = PLASTIC, LEADLESS CHIP CARRIER (PLCC) 


'---------- 
TEMPERATURE, BURN -IN 
OPTION: 


SEE TABLE 1, COLUMN 2 


"Example: 
AN8751 BH indicates 
an automotivE' 
temperature 
range version 
of the 8751 BH in a PLCC package 
with 4K byte EPROM 
program 
memory. 


Figure 
2. MCS@-51 Product 
Family 
Nomenclature 


Table 
1. Temperature-Burn-In 
Options 


Temperature 
Temperature 
Operating 
Burn-In 
Classlflcatlo,n 
Designation 
Temperature 
125°C (Hr) 
°C Ambient 


Commercial 
Null 
o to 70 
None 
Q 
o to 70 
168 ±8 


Extended 
T 
-40 
to +85 
None 
L 
-40 
to +85 
168 ±8 


Automotive 
A 
-40 
to+ 
110°C 
None 
B 
-40 
to+ 
110°C 
168 ±8 


NOTE: 


Other 
Burn-In 
options 
are also available, 
but not standard. 
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PLO 
VCC 
Pl.l 
po.o (AOO) 
"": 
"! "! 
~ 
u~ 
N '" 
Pl.2 
PO.l(AD1) 
INDEX 
U 
uo 
0 0 0 
CORNER .. .. .. .. .. z 
> .. .. .. 
Q. 


Pl.3 
PO.2(AD2) 
Pl.4 
PO.3(AD3) 
PI.S 
PO." 
PI.S 
PO.4(AD4) 
Pl.6 
PO.5 
Pl.6 
PO.S(ADS) 
Pl.7 
PO.6 
Pl.7 
PO.6(AD6) 
RST 
PO.7 
RESET 
PO.7(AD7) 
P3.0 
EA/Vpp' 


(RXD)P3.0 
EA/Vpp' 
NC 
NC 


(TXD)P3.1 
ALE/PROG' 
P3.1 
AlE/PROC· 
(INTO)P3.2 
PSEN 
P3.2 
PSEN 
(INT1) P3.3 
P2.7 (AIS) 
P3.3 
P2.7 


(TO) P3.4 
P2.6 (A14) 
P3.4 
P2.6 


(T1) P3.S 
P2.S (A13) 
P3.S 


(WIl) 
P3.6 
P2.4 (A12) 
(Ril) 
P3.7 
P2.3 (All) 
'" 
,... ~ -' 
VlU 
0 
N 
N '" .• 
,,; 
,,; ~ ~ ,:oz N 
N 
N 
N 
XTAL2 
P2.2 (AIO) 
Q. .. 
Q. .. 
Q. .. 
Q. 


X 
x 
XTAL1 
P2.1 (A9) 
270491-15 
VSS 
P2.0 (A8) 
Pad 
270491-3 
(LCC, PLCC) 


Pin 
(CERDIP, 
PDIF') 


Figure 
3. Pin Connections 


low will source 
current 
(IlL, on the data sheet) 
be- 
cause of the internal 
pullups. 


Port 
1 also 
receives 
the 
low-order 
address 
bytes 
during 
EPROM 
programming 
and program 
verifica- 
tion. 
Port 0: Port 0 is an 8-bit open drcdn bidirectional 
I/O 
port. As an output 
port each pin can sink 8 LS TTL 
inputs. Port 0 pins that have 1s written to them float, 
and 
in that 
state 
can 
be used 
as high-impedance 
inputs. 


Port 0 is also the multiplexed 
low ..order address 
and 
data bus during 
accesses 
to ext'3rnal 
Program 
and 
Data Memory. 
In this application 
it uses strong inter- 
nal pullups 
when 
emitting 
1s, and can source 
and 
sink 8 LS TTL inputs. 


Port 0 also receives 
the code by:es during 
EPROM 
programming, 
and 
outputs 
the 
Gode bytes 
during 
program 
verification. 
External 
pL lIups 
are required 
during program 
verification. 


Port 
1: Port 1 is an 8-bit bidirectional 
I/O 
port with 
internal 
pullups. 
The Port 1 output 
buffers 
can sink/ 
source 
4 LS TTL 
inputs. 
Port 
1 pins that 
have 
1s 
written 
to them 
are pulled 
high by the internal 
pull- 
ups, and 
in that 
state 
can 
be used 
as inputs. 
As 
inputs, 
Port 
1 pins that 
are externally 
being 
pulled 


Port 
2: Port 2 is an 8-bit bidirectional 
I/O 
port with 
internal 
pullups. 
The Port 2 output 
buffers 
can sink/ 
source 
4 LS TTL inputs. 
Port 2 pins that 
have 
1s 
written 
to them are pulled 
high by the internal 
pull- 
ups, and 
in that 
state 
can 
be used 
as inputs. 
As 
inputs, 
Port 2 pins that 
are externally 
being 
pulled 
low will source 
current 
(IlL, on the data sheet) 
be- 
cause of the internal 
pullups. 


Port 
2 emits 
the 
high-order 
address 
byte 
during 
fetches 
from 
external 
Program 
Memory 
and during 
accesses 
to external 
Data Memory 
that 
use 16-bit 
addresses 
(MOVX 
@DPTR). 
In this 
application 
it 
uses strong 
internal 
pullups 
when 
emitting 
1s. Dur- 
ing accesses 
to external 
Data Memory that use 8-bit 
addresses 
(MOVX @Ri), Port 2 emits the contents 
of 
the P2 Special 
Function 
Register. 


Port 2 also receives 
the high-order 
address 
bits dur- 
ing EPROM 
programming 
and program 
verification. 
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Port 
3: Port 3 is an 8-bit bidirectional 
I/O port with 
internal 
pullups. 
The Port 3 oUtplit buffers 
can sink/ 
source 
4 LS TIL 
inputs. 
Port 3 pins that 
have 
1s 
written 
to them 
are pulled 
high by the internal 
pull- 
ups, and 
in that 
state 
can 
be Llsed as inputs. 
As 
inputs, 
Port 3 pins that 
are externally 
being 
pulled 
low will source 
current 
(IlL, on the data sheet) 
be- 
cause of the pullups. 


Port 3 also serves 
the functions 
of various 
special 
features 
of the MCS-51 
Family, as listed below: 


Port Pin 
Alternate 
Function 


P3.0 
RXD (serial input port) 


P3.1 
TXD (serial output port) 
P3.2 
INTO (external 
interrupt 
0) 
P3.3 
INT1 (external 
interrupt 
1) 
P3.4 
TO (Timer 0 external input) 
P3.5 
T1 (Timer 1 external input) 
P3.6 
WR (external 
data memory write strobe) 
P3.7 
RD (external 
data memory read strobe) 


RST: Reset input. A high on this pin for two machine 
cycles 
while the oscillator 
is running 
resets 
the de- 
vice. 


ALE/PROG: 
Address 
Latch Enable output pulse for 
latching 
the low byte of the address during accesses 
to external 
memory. 
This 
pin is also 
the 
program 
pulse input (PROG) during EPROM 
programming. 


In normal 
operation 
ALE 
is emilted 
at a constant 
rate 
of 
1/6 
the 
oscillator 
frequElncy, 
and 
may 
be 
used for external 
timing or clocking 
purposes. 
Note, 
however, 
that one ALE pulse is skipped 
during each 
access 
to external 
Data Memory. 


PSEN: Program 
Store Enable is the Read strobe 
to 
External 
Program 
Memory. 


When 
the 8751 BH is executing 
code from external 
Program 
Memory, 
PSEN is activated 
twice each ma- 
chine 
cycle, 
except 
that two 
PSEN activations 
are 
skipped 
during each access to External 
Data Memo- 
ry. 


EA/Vpp: 
External 
Access 
enable. 
EA 
must 
be 
strapped 
to VSS in order 
to enable 
the 
device 
to 
fetch code from External 
Program Memory 
locations 
OOOOHto OFFFH. Note, however, 
that if either of the 
Lock 
Bits 
are 
programmed, 
EA will 
be 
internally 
latched 
on reset. 


EA should 
be strapped 
to VCC for internal 
program 
executions. 


This pin also receives 
the 12.75V programming 
sup- 
ply voltage 
(Vpp) during EPROM 
programming. 


XTAL 1: Input to the inverting 
oscillator 
amplifier. 


XT AL2: 
Output 
from the inverting 
oscillator 
amplifi- 


er. 


XTAL 1 and XTAL2 are the input and output, respec- 
tively, of an inverting 
amplifier 
which 
can be config- 


ured for use as an on-chip 
oscillator, 
as shown 
in 
Figure 4. Either a quartz crystal or ceramic 
resonator 
may be used. More detailed 
information 
concerning 
the use of the on-chip 
oscillator 
is available 
in Appli- 


cations 
Note AP-155, 
"Oscillators 
for Microcontrol- 
lers." 


To drive the device 
from an external 
clock 
source, 


XTAL 1 should 
be grounded, 
while XTAL2 is driven, 


as shown in Figure 5. There are no requirements 
on 
the duty cycle of the external 
clock signal, since the 
input 
to the 
internal 
clocking 
circuitry 
is through 
a 
divide-by-two 
flip-flop, 
but minimum 
and 
maximum 
high and low times specified 
on the Data Sheet must 
be observed. 


XTAL 1 


vss 


EXTERNAL 
OSCILLATOR 
SIGNAL 


Exposure 
to light 
when 
the 
device 
is in operation 
may cause logic errors. For this reason, it is suggest- 
ed that an opaque 
label be placed 
over the window 
when the die is exposed 
to ambient 
light. 
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Ambient 
Temperature 
Under Bias 
- 40°C to + 110°C 


Storage Temperature 
- 65°C to + 150°C 


Voltage on EAlVpp 
Pin to VSS 
-0.5V 
to + 13.0V 


Voltage 
on Any Other Pin to Vss 
- 0.5V to + 7V 


Power Dissipation 
1.5W 
(based 
on PACKAGE 
heat transfer 
limitations, 
not 
device 
power consumption) 


•Notice: Stresses above those listed under "Abso- 
lute Maximum Ratings" may cause permanent dam- 
age to the device. This is a stress rating only and 
functional operation of the device at these or any 
other conditions above those indicated in the opera- 
tional sections of this specification is not implied. Ex- 
posure to absolute maximum rating conditions for 
extended periods may affect device reliability. 


NOTICE Specifications contained within the 
following tables are subject to change. 


Typit:al Thermal 
Resistance 
Junction 
to Ambient 
(818) 


Package 
8J8 


CERDIP 
36°C/W 
CERAMIC 
34°C/W 
PLCC 
45.6°C/W 


Symbol 
Parameter 
Mln 
Max 
Unit 
Test Conditions 


VIL 
Input Low Voltage 
(Except EA) 
-0.5 
0.8 
V 


VIL1 
Input Low Voltage 
EA 
Vss 
0.7 
V 


VIH 
Input High Voltage 
2.0 
VCC+0.5 
V 
(Except XTAL2, RST, EA) 


VIH1 
Input High Voltage XTAL2, RST 
2.5 
Vcc+0.5 
V 
XTAL1 = VSS 


VIH2 
Input High Voltage te EA 
4.5 
5.5 
V 


VOL 
Output Low Voltage 
0.45 
V 
IOL = 1.6 mA (Note 1) 
(Ports 1, 2 and 3) 


VOl1 
Output Low Voltage 
0.45 
V 
IOL = 3.2 mA (Notes 1, 2) 


(Port 0, ALE/PRO(~, 
PSEN) 


VOH 
Output High Voltage 
2.4 
V 
IOH = -80 
p.A 
(Ports 1, 2, 3, ALEIPROG 
and PSEN) 


VOH1 
Output High Voltage 
2.4 
V 
IOH = - 400 p.A 
(Port 0 in External Bus Mode) 


IlL 
Logical 0 Input Current 
-1 
mA 
VIN = 0.45V 
(Ports 1, 2, 3 and FIST) 


1111 
Logical 0 Input Current (EA) 
-10 
mA 
VIN = VSS 


IIL2 
Logical 0 Input Current (XTAL2) 
-3.2 
mA 
VIN = 0.45 V XTAL 1 = VSS 


III 
Input Leakage Current (Port 0) 
±10 
p.A 
0.45 < VIN < Vcc 


IIH 
Logical 1 Input Current (EA) 
1 
mA 
4.5V < VIN < 5.5V 


I'Hl 
Input Current to RST 
500 
p.A 
VIN < (Vcc 
- 
1.5V) 
to Activate 
Reset 
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Symbol 
Parametllr 
Mln 
Max 
Unit 
Test Conditions 


Icc 
Power Supply Current 
175 
mA 
All Outputs 
Disconnected 


CIO 
Pin Capacitance 
10 
pF 
Test Freq = 1MHz 


NOTES: 
1. Capacitive 
loading 
on Ports 
0 and 2 may cause 
spurious 
noise 
pulses 
to be superimposed 
on the 
VOLS of ALE/PROG 
and Ports 1 and 3. The noise is due to external 
bus capacitance 
discharging 
into the Port 0 and Port 2 pins when 
these 
pins 
make 
1-to-0 transitions 
during 
bus oporations. 
In the worst 
cases 
(capacitive 
loading> 
100pF), the noise pulse on the ALE I 
PROG pin may exceed o.av. In such cases it may be desirable 
to qualify ALE with a Schmitt 
Trigger, 
or use an address 
latch 
with a Schmitt 
Trigger 
STROBE 
input. 


2. ALE/PROG 
refers 
to a pin on the E:751BH. ALE refers to a timing 
signal that is output 
on the ALE/PROG 
pin. 


A.C. CHARACTERISTICS 
(TA = - 40°C to + 110°C; VCC = 5V ± 10%; VSS = OV); Load 
Capacitance 
for Port 0, ALE/PROG, 
and PSEN = 100 pF; Load Capacitance 
for All Other Outputs = 80 pF) 


Symbol 
Parameter 
12 MHzOsc 
Variable 
Oscillator 
Units 
Mln 
Max 
Min 
Max 


1/TCLCL 
Oscillator 
Frequency 
3.5 
12.0 
MHz 


TLHLL 
ALE Pulse Width 
127 
2TCLCL-40 
ns 


TAVLL 
Address 
Valid to ALE Low 
43 
TCLCL-40 
ns 


TLLAX 
Address 
Hold After ALE Low 
48 
TCLCL-35 
ns 


TLLlV 
ALE Low to Valid Inl>truction In 
233 
4TCLCL-100 
ns 


TLLPL 
ALE Low to PSEN Low 
58 
TCLCL-25 
ns 


TPLPH 
PSEN Pulse Width 
215 
3TCLCL-35 
ns 


TPLIV 
PSEN Low to Valid Instruction 
In 
125 
3TCLCL-125 
ns 


TPXIX 
Input Instr Hold After PSEN 
0 
0 
ns 


TPXIZ 
Input Instr Float AftE,r PSEN 
63 
TCLCL-20 
ns 


TPXAV 
PSEN to Address 
Valid 
75 
TCLCL-8 
ns 


TAVIV 
Address 
to Valid Instruction 
In 
302 
5TCLCL-115 
ns 


TPLAZ 
PSEN Low to Address 
Float 
20 
20 
ns 


TRLRH 
RD Pulse Width 
400 
6TCLCL-100 
ns 


TWLWH 
WR Pulse Width 
400 
6TCLCL-100 
ns 


TRLDV 
RD Low to Valid Data In 
252 
5TCLCL-165 
ns 


TRHDX 
Data Hold After RD 
0 
0 
ns 


TRHDZ 
Data Float After RD 
97 
2TCLCL-70 
ns 


TLLDV 
ALE Low to Valid Data In 
517 
8TCLCL-150 
ns 


TAVDV 
Address 
to Valid Dala In 
585 
9TCLCL-165 
ns 


TLLWL 
ALE Low to RD or WR Low 
200 
300 
3TCLCL-50 
3TCLCL+50 
ns 


TAVWL 
Address 
to RD or WI=!Low 
203 
4TCLCL-130 
ns 
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Symbol 
Parametel' 
12 MHz Osc 
Variable 
Oscillator 
Units 
Mln 
Max 
Mln 
Max 


TOVWX 
Data Valid to WR Transition 
23 
TCLCL-60 
ns 


TOVWH 
Data Valid to WR High 
433 
7TCLCL-150 
ns 


TWHOX 
Data Held After WF~ 
33 
TCLCL-50 
ns 


TRLAZ 
RD Low to Address 
Float 
0 
0 
ns 


TWHLH 
RD or WR High to ALE High 
43 
123 
TCLCL-40 
TCLCL+40 
ns 


~ 


AVll 
-TllAX 


PORTO 
1.0-1.7 
I RO~ 
RI OR DPL 
DATA IN 


-TAVWl 
---TAVDV 


PORT2 
Pl.O-Pl.] 
OR "'8-1.15 
FROW DPH 


ALE y-----\ 


-l--TLHll- 


~ 


AVll 
TlLAX 


PORT 0 
F"ROWRI OR DPl 


-TAVWL 


PORT2 
Pl.O-Pl.] 
OR 1.8-"'15 
FROWOPH 
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TEST CONDITIONS 
(TA = 
-40°C 
to + 110°C; VCC =, 5V ± 10%; VSS = OV; Load Capacitance 
= 80 pF) 


Symbol 
Parameter 
12 MHzOsc 
Variable 
Osclilator 
Units 
Min 
Max 
Mln 
Max 


TXLXL 
Serial Port Clock CYCII;lTime 
1.0 
12TCLCL 
IJ-s 


TOVXH 
Output Data Setup to 
700 
1OTCLCL -133 
ns 
Clock Rising Edge 


TXHOX 
Output Data Hold After 
50 
2TCLCL-117 
ns 
Clock Rising Edge 


TXHDX 
Input Data Hold After 
0 
0 
ns 
Clock Rising Edge 


TXHDV 
Clock Rising Edge to 
700 
1OTCLCL -133 
ns 
Input Data Valid 


OUTPUT DATA 


t 
WRITE TO SBUf 


INSTRUCTIONI 
0 
I 
1 
I 


ALE ..fl..JLJLJl 


r-TXLXL--j 


CLOCK-----LJ 


~r_TXHQX 


\ 
0 
IX---l-I~X---2--X 
3 
X 
4 
X 
5 
X 
6 
X 
j 
~rTXHDX 
TXHDVt 
INPUT DATA 
@) 
ALID 
ALID 


7 
I 
t 
SET TI 


t 
SET RI 


270491-9 


2.5· 
...I 
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Symbol 
Parameter 
Min 
Max 
Units 


1/TClCl 
Oscillator Frequency 
3.5 
12 
MHz 


TCHCX 
High Time 
20 
ns 


TClCX 
low Time 
20 
ns 


TClCH 
Rise Time 
20 
ns 


TCHCl 
Fall Time 
20 
ns 


To be programmed, the part must be running with a 
4 to 6 MHz oscillator. (The n3ason the oscillator 
needs to be running is that the internal bus is being 
used to transfer address and program data to appro- 
priate internal registers.) The acdress of an EPROM 
location to be programmed is applied to Port 1 and 
pins P2.0 - P2.3 of Port 2, while the code byte to be 
programmed into that location is applied to Port O. 
The other Port 2 and 3 pins, and RST, PSEN, and 
EAlVpp should be held at the "Program" levels indi- 
cated in Table 3. AlE/PROG 
i:, pulsed low to pro- 
gram the code byte into the addressed EPROM lo- 
cation. The setup is shown in Figure 6. 


VI=>( 
)C 
2.0 
2.0 
0.8 
TEST POINTS 
0.8 


0.45 V 
---------- 


270491-11 
AC inputs during testing are driven at 2.4V for a logic "1" and 
0.45V for a logic "0". Timing measurements are made at 2.0V for 
a logic "1" and O.SV for a logic "0". 


Normally EA~is 
held at a logic high....!:!,ntiljust 
before AlE/PROG 
is to be pulsed. Then EAlVpp is 
raised to Vpp, AlE/PROG 
is pulsed low, and then 
EAlVpp is returned to a valid high voltage. The volt- 
age on the EAlVpp pin must be at the valid EAlVpp 
high level before a verify is attempted. Waveforms 
and detailed timing specifications are shown in later 
sections of this data sheet. 


Note that the EAlVpp pin must not be allowed to go 
above the maximum specified Vpp level for any 
amount of time. Even a narrow glitch above that volt- 
age level can cause permanent damage to the de- 
vice. The Vpp source should be well regulated and 
free of glitches. 
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MODE 
RST 
PSEN 
ALE/ 
EA/ 
P2.7 
P2.6 
P3.6 
P3.7 
PROG 
Vpp 


Program Code Data 
1 
0 
O' 
Vpp 
1 
0 
1 
1 


Verify Code Data 
1 
0 
1 
1 
0 
0 
1 
1 


Program Encryption Table 
1 
0 
O' 
Vpp 
1 
0 
0 
1 
Use Addresses 0-1FH 


Program Lock 
x=1 
1 
0 
O' 
Vpp 
1 
1 
1 
1 


Bits (LBx) 
x=2 
1 
0 
O' 
Vpp 
1 
1 
0 
0 


NOTES: 
"1" 
= Valid high for that pin 


"0" = Valid low for that pin 
"Vpp" = + 12.75V ±0.25V 
• ALE/PROG is pulsed low for 100 floll for programming. (Quick-Pulse Programming) 


QUICK-PULSE 
PROGRAMMINGTM 


ALGORITHM 


The 8751BH can be programmed using the Quick- 
Pulse Programming Algorithm for microcontrollers. 
The features of the new programming method are a 
lower Vpp (12.75 volts as compan3dto 21 volts) and 
a shorter programming pulse. It is possible to pro- 
gram the entire 4K Bytes of EPROM memory in less 
than 13 seconds with this algorithm 


To program the part using the nt3Walgorithm, Vpp 
must be 12.75 ±0.25 Volts. ALE/PROG is pulsed 
low for 100 /Lseconds, 25 times. Then, the byte just 
programmed may be verified. A'ter programming, 
the entire array should be verified. The Program 
Lock features are programmed using the same 
method, but with the setup as shown in Table 2. The 
only difference in programming Lock features is that 
the Lock features cannot be directly verified. in- 
stead, verification of programmin!~is by observing 
that their features are enabled. 


If the Lock Bits have not been pro!~rammed,the on- 
chip Program Memory can be read out for verifica- 
tion purposes, if desired, either dlJring or after the 
programming operation. The address of the Program 
Memory location to be read is app ied to Port 1 and 
pins P2.0 - P2.3. The other pins s,hould be held at 
the "Verify" levels indicated in Table 2. The con- 


tents of the addressed location will come out on Port 
O. External pullups are required on Port 0 for this 
operation. (If the Encryption Array in the EPROM 
has been programmed, the data present at Port 0 
will be Code Data XNOR Encryption Data. The user 
must know the Encryption Array contents to manual- 
ly "unencrypt" the data during verify.) 


The setup, which is shown in Figure 7, is the same 
as for programming the EPROM except that pin P2.7 
is held at a logic low, or may be used as an active 
low read strobe. 


PGM DATA 
(USE 
10K 


PULLUPS) 


The two-level 
Program 
Lock 
system 
consists 
of 2 
Lock bits and a 32-byte 
Encryption 
Array which 
are 
used to protect 
the program 
memory 
against 
soft- 
ware piracy. 


Within the EPROM 
array are 32 bytes of Encryption 
Array that are initially unprogrammed 
(all 1s). Every 


time that a byte is addressed 
during a verify, 
5 ad- 
dress lines are used to select 
a byte of the Encryp- 


tion 
Array. 
This 
byte 
is 
then 
exclusive-NORed 


(XNOR) 
with the code 
byte, creating 
an Encrypted 


Verify 
byte. The algorithm, 
with the array in the un- 
programmed 
state (all 1s), will return the code in its 


original, 
unmodified 
form. 


It is recommended 
that whenevor 
the Encryption 
Ar- 


ray is used, 
at least 
one of thH Lock 
Bits be pro- 


grammed 
as well. 


Also included 
in the EPROM 
Program 
Lock scheme 
are two Lock Bits which function 
as shown 
in Table 


3. 


Lock Bits 
Logic Enabled 


LB1 
LB2 


U 
U 
Minimum 
Program Lock features 
enabled. 
(Code Verify will still be 
encrypted 
by the Encryption 
Array) 


P 
U 
MOVC instruci:ions 
executed 
from 
external 
program 
memory are 
disabled 
from fetching code bytes 


from internal memory, 
EA is 
sampled 
and latched on reset, 


and further programming 
of the 


EPROM is disabled 


P 
P 
Same as above, but Verify is also 
disabled 


U 
P 
Reserved 
for Future Definition 


P = Programmed 
U = Unprogrammed 


Erasing the EPROM 
also erases 
the Encryption 
Ar- 


ray and the Lock 
Bits, returning 
the part to full un- 


locked functionality. 


To ensure 
proper functionality 
of the chip, the inter- 


nally latched 
value of the EA pin must agree with its 


external 
state. 


Erasure 
of the 
EPROM 
begins 
to occur 
when 
the 


chip 
is exposed 
to light 
with 
wavelen"gths 
shorter 


than approximately 
4,000 Angstroms. 
Since sunlight 


and 
fluorescent 
lighting 
have 
wavelengths 
in this 


range, exposure 
to these 
light sources 
over an ex- 


tended 
time (about 
1 week in sunlight, 
or 3 years in 


room-level 
fluorescent 
lighting) could cause inadver- 


tent erasure. 
If an application 
subjects 
the device to 


this type of exposure, 
it is suggested 
that an opaque 


label be placed 
over the window. 


The 
recommended 
erasure 
procedure 
is exposure 


to ultraviolet 
light (at 2537 Angstroms) 
to an integrat- 


ed dose 
of at lease 
15 W-sec/ cm. 
Exposing 
the 


EPROM to an ultraviolet 
lamp of 12,000 p.W/cm 
rat- 


ing for 20 to 30 minutes, 
at a distance 
of about 
1 


inch, should 
be sufficient. 
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EPROM 
PROGRAMMING 
AND VERIFICATION 
CHARACTERISTICS 
(TA = 21°C to 27"C, vcc = 5.0V ± 10%, VSS = OV) 


Symbol 
Parameter 
Min 
Max 
Units 


Vpp 
Programming 
Supply Voltage 
12.5 
13.0 
V 


IPP 
Programming 
Supply Current 
50 
mA 


1/TCLCL 
Oscillator 
Frequency 
4 
6 
MHz 


TAVGL 
Address 
Sl3tup to PROG Low 
48TCLCL 


TGHAX 
Address 
Hold After PROG 
48TCLCL 


TDVGL 
Data Setup to PROG Low 
48TCLCL 


TGHDX 
Data Hold After PROG 
48TCLCL 


TEHSH 
P2.7 (ENAI3LE) High to Vpp 
48TCLCL 


TSHGL 
Vpp Setup to PROG Low 
10 
JLsec 


TGHSL 
Vpp Hold P.fterPROG 
10 
JLsec 


TGLGH 
PROGWidth 
90 
110 
JLsec 


TAVQV 
Address 
to Data Valid 
48TCLCL 


TELQV 
ENABLE 
Low to Data Valid 
48TCLCL 


TEHQZ 
Data Float After ENABLE 
0 
48TCLCL 


TGHGL 
PROG High to PROG Low 
10 
JLsec 


PROGRAMMING 


Pl.0-P1.7~ADORESS 
\ 
P2.0-P2.3 
\ 


PORT0 
DATA IN 
~ 


TOVGL 
::::...- 25 
TGHDX 


TAVGL 
PULSES 
TGHAX 
-g 
-TGHSL 


TGcLGH 
TG~GL 
Vpp 
----- 
____1-TEHSH 


P2.7 
Ii 


8052BH 
SINGL.E-CHIP 8-BIT MICROCOMPUTER 
WITH FACTORY MASK-PROGRAMMABLE 
ROM 
8032BH 
SINGLE-CHIP 8-BIT CONTROL-ORIENTED 
CPU WITH RAM AND I/O 
AUTOMOTIVE 


• 
256 Bytes Data Ram 


• 
Boolean Processor 
• 
32 Programmable I/O Lines 


• 
Three 16-Bit Timer/Counters 


• 
6 Interrupt Sources 


• 
Programmable Serial Channel 


• 
Separate Transmit/Receive 
Baud Rate 
Capability 


• 
64K External Program Memory Space 


• 
64K External Data Memory Space 


• 
Available in LCC, PLCC and DIP 
Packages 


(See 
Packaging 
Specifications. 
Order 
# 231369) 


r---------- 
vccv='-t 


rnN 


Al~~ 


.Sf 
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8052BH/8032BH 
PRODUCT 
OPTIONS 


range of - 40·C to + 85·C ambient. For the automo- 
tive temperature range option, operational charac- 
teristics are guaranteed over the temperature range 
of - 40·C to + 11O·Cambient. 
Intel's extended and automotive temperature range 
products are designed to meet the needs of those 
applications whose operating requirements exceed 
commerical standards. 


With the commercial standard tE~mperaturerange, 
operational characteristics are guaranteed over the 
temperature range of O·Cto 70·C ambient. With the 
extended 
temperature 
range option, 
operational 


characteristics are guaranteed OV'3rthe temperature 


The automotive, extended, and commercial temper- 
ature versions of the MCS-51 product families are 
available with or without burn-in options as listed in 
Table 1. 


As shown in Figure 2, temperature, burn-in, and 
package options are identified by a one- or two-letter 
prefix to the part number. 


PROGRAM MEMORY OPTION: 


3=ROMlESS 
5=ROM 


PROGRAM MEMORY OPTION: 


0= 
ROM/ROMlESS 
7= 
EPROM 


PACKAGE TYPE OPTION: 


D = HERMETIC, TYPE D (CERDIP) DIP 
P = PLASTIC DIP 
R = HERMETIC, lEADlESS 
CHIP CARRIER (lCC) 
N = PLASTIC, lEADlESS 
CHIP CARRIER (PlCC) 


TEMPERATURE, BURN -IN 
OPTION: 
SEE TABLE 1, COLUMN 2 


'Example: 
AN8052BH 
indicates 
an automotive 
temperature 
range 
version 
of the 8052BH 
in a PlCC package 
with 
4K byte 
ROM 
program 
memory 
and 12 MHz opera'ling 
option. 


Figure 2. MCS@-S1Product Family Nomenclature 


Table 1. Temperature-Surn-In 
Options 


Temperature 
Temperature 
Operating 
Surn-In 
Classification 
Designation 
Temperature 
12S·C(Hr) 
·CAmblent 


Commercial 
Null 
o to 70 
None 
Q 
o to 70 
168 ±8 


Extended 
T 
-40 to +85 
None 
L 
-40 to +85 
168 ±8 


Automotive 
A 
-40 to +110 
None 


NOTE: 
Other 
Burn-In 
options 
are also available. 
but not standard, 
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PLO 
40 :J Vcc 
"': 
"l 
OJ 
~ 
,,~ 
N 
,.., 


INDEX 
c;: 
c;: 
c;: 
c;: 
c;: " 
"0 
ci 
ci 
ci 
P1.1 
39 :J PO.O (ADO) 
CORNER 
z > ••. ... ... ... 


Pl.2 
38 :J PO.1 (AD1) 


Pl.3 
37 :J PO.2 (AD2) 
Pl.5 


Pl.4 
36 :J PO.3 (AD3) 


Pl.6 
Pl.5 
35 :J PO.4 (AD4) 
Pl.7 
PO.6 
Pl.6 
34 :J PO.5 (AD5) 


PO.7 
RST 
Pl.7 
33 :J PO.6 (AD6) 


fi./Vpp' 
32 :J PO.7 (AD7) 
P3.0 
RESET 


31 :J fi./Vpp' 
NC 
NC 
(RXD) 
P3.0 


ALE/PROO' 
(TXD) 
P3.1 
30 :J ALE/ PROG' 
P3.1 


(INTO) 
P3.2 
29 :J PSEN 
P3.2 
PSEN 


(INT1) 
P3.3 
28 :J P2.7 
(A15) 
P3.3 
P2.7 


(TO) 
P3.4 
27 :J P2.6 
(AI4) 
P3.4 
P2.6 


(T1) 
P3.5 
26 :J P2.5 
(A13) 
P3.5 
P2.5 


(WR) 
P3.6 
25 :J P2.4 
(A12) 
(iiii) 
P3.7 
24 :J P2.3 
(All) 


'" 
•... 
N 
VI" 
0 
N 
"l ..• 
23 :J P2.2 
(Al0) 
.-i 
.-i -' -' ,:oz N 
N 
N 
N 
N 
XTAL2 
... ... ~ ~ 
... ... ... ... ... 


22 :J P2.1 
(A9) 
x 
x 
XTAL1 


21 :J P2.0 
(A8) 
270496-12 


270496-3 
Pad 
Pin 
(LCC, PLCC) 
(CERDIP, 
PDlF') 


'EPROM only 


Figure 3. Pin Connections 


In addition, 
P1.0 and P1.1 serve the functions 
of the 


following 
special 
features 
of the MCS@-51 Family: 
Vss: Circuit ground. 


Port 0: Port 0 is an a-bit open drain bidirectional 
I/O 


port. As an output 
port each pin can sink a LS TTL 


inputs. Port 0 pins that have 1s written to them float, 
and 
in that 
state 
can 
be used 
as high-impedance 


inputs. 


Port 0 is also the multiplexed 
low-order 
address 
and 


data bus during 
accesses 
to external 
Program 
and 


Data Memory. 
In this application 
it uses strong inter- 


nal pullups 
when 
emitting 
1s, a,d 
can source 
and 


sink a LS TTL inputs. 


Port 
1: Port 1 is an a-bit bidirectional 
I/O 
port with 


internal 
pullups. 
The Port 1 output 
buffers 
can sink/ 


source 
4 LS TTL 
inputs. 
Port 
1 pins that 
have 
1s 


written 
to them 
are pulled 
high by the internal 
pull- 


ups, and 
in that 
state 
can 
be IJsed as inputs. 
As 


inputs, 
Port 
1 pins that 
are extornally 
being 
pulled 


low will source 
current 
(IlL, on lhe data sheet) 
be- 


cause of the internal 
pullups. 


Port Pin 
Alternate 
Function 


P1.0 
T2 (Timer/Counter 
2 External 
Input) 


P1.1 
T2EX (Timer/Counter 
2 


Capture/Reload 
Trigger) 


Port 2: Port 2 is an a-bit bidirectional 
I/O 
port with 


internal 
pullups. 
The Port 2 output 
buffers 
can sink/ 


source 
4 LS TTL inputs. 
Port 2 pins that 
have 
1s 


written 
to them 
are pulled 
high by the internal 
pull- 


ups, and 
in that 
state 
can 
be used 
as inputs. 
As 


inputs, 
Port 2 pins that 
are externally 
being 
pulled 


low will source 
current 
(IlL, on the data 
sheet) 
be- 


cause of the internal 
pullups. 


Port 
2 emits 
the 
high-order 
address 
byte 
during 


fetches 
from 
external 
Program 
Memory 
and during 


accesses 
to external 
Data Memory 
that 
use 16-bit 


addresses 
(MOVX 
@DPTR). 
In this 
application 
it 


uses strong 
internal 
pullups 
when 
emitting 
1s. Dur- 


ing accesses 
to external 
Data Memory that use a-bit 


addresses 
(MOVX @Ri), Port 2 emits the contents 
of 


the P2 Special 
Function 
Register. 
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Port 
3: Port 3 is an a-bit bidirectional 
I/O 
port with 


internal 
pullups. 
The Port 3 outpL t buffers 
can sink/ 


source 
4 LS TIL 
inputs. 
Port 3 pins that 
have 
1s 


written 
to them 
are pulled 
high tlY the internal 
pull- 


ups, 
and 
in that 
state 
can 
be used 
as inputs. 
As 


inputs, 
Port 3 pins that 
are externally 
being 
pulled 


low will source 
current 
(IlL, on the data sheet) 
be- 


cause of the pullups. 


Port 3 also serves 
the functions 
of various 
special 


features 
of the MCS@-51 Family, as listed below: 


Port Pin 
Alternate 
Function 


P3.0 
RXD (serial input port) 


P3.1 
TXD (serial output port) 


P3.2 
INTO (external 
interrupt 0) 


P3.3 
INT1 (external 
interrupt 
1) 


P3.4 
TO (Timer 0 external 
input) 


P3.5 
T1 (Timer 1 external 
input) 
P3.6 
WR (external 
data memory write strobe) 


P3.7 
RD (external 
data memory read strobe) 


RST: Reset input. A high on this pin for two machine 
cycles 
while the oscillator 
is running 
resets 
the de- 


vice. 


ALE: Address 
Latch Enable output pulse for latching 


the low byte of the address 
during accesses 
to ex- 


ternal 
memory. 


In normal 
operation 
ALE 
is emitted 
at a constant 


rate 
of 
1/6 
the 
oscillator 
frequency, 
and 
may 
be 


used for external 
timing or clocking 
purposes. 
Note, 


however, 
that one ALE pulse is skipped 
during each 


access 
to external 
Data Memory. 


PSEN: Program 
Store 
Enable is the Read strobe 
to 


External 
Program 
Memory. 


When 
the 
device 
is executing 
code 
from 
external 


Program 
Memory, 
PSEN is activatl3d twice each ma- 


chine 
cycle, 
except 
that 
two 
PSEN activations 
are 


skipped 
during each access to External 
Data Memo- 


ry. 


EA: External Access 
enable. 
EA must be strapped 
to 


Vss in order to enable the device to fetch code from 
External 
Program 
Memory 
locations 
OOOOH to 


1FFFH. Note, however, 
that if eithor of the Lock Bits 


are programmed, 
EA will be internally 
latched 
on re- 


set. 


EA should 
be strapped 
to VCC for internal 
program 


executions. 


XTAL 1: Input to the inverting 
oscillator 
amplifier. 


XTAL2: 
Output 
from the inverting 
oscillator 
amplifi- 


er. 


XT AL 1 and XTAL2 are the input and output, 
respec- 


tively, of an inverting 
amplifier 
which 
can be config- 


ured for use as an on-chip 
oscillator, 
as shown 
in 


Figure 4. Either a quartz crystal or ceramic 
resonator 


may be used. More detailed 
information 
concerning 


the use of the on-chip 
oscillator 
is available 
in Appli- 


cations 
Note AP-155, 
"Oscillators 
for Microcontrol- 


lers." 


To drive the device 
from 
an external 
clock 
source, 


XTAL 1 should 
be grounded, 
while XT AL2 is driven, 


as shown in Figure 5. There are no requirements 
on 


the duty cycle of the external 
clock signal, since the 


input to the internal 
clocking 
circuitry 
is through 
a 


divide-by-two 
flip-flop, 
but minimum 
and 
maximum 


high and low times specified 
on the Data Sheet must 


be observed. 


XTAL 1 


vss 


EXTERNAL 
OSCILLATOR 
SIGNAL 
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Ambient 
Temperature 
Under Bia:> - 40·C to + 11O·C 


Storage Temperature 
-6S·C 
to + 1S0·C 


Voltage 
on EA Pin 
to VSS 
-O.SV 
to + 13.0V 


Voltage on Any Other Pin to VSS 
-O.SV 
to + 7V 


Power Dissipation 
1.SW 


(based 
on PACKAGE 
heat transfer 
limitations, 
not 
device 
power consumption) 


•Notice: Stresses above those listed under '~bso- 
lute Maximum Ratings" may cause permanent dam- 
age to the device. This is a stress rating only and 
functional operation of the device at these or any 
other conditions above those indicated in the opera- 
tional sections of this specification is not implied. Ex- 
posure to absolute maximum rating conditions for 
extended periods may affect device reliability. 


NOTICE Specifications contained within the 
following tables are subject to change. 


ilThermal 
Resistance 
Junction 
to Ambient 
(8Ia) 


Package 
81a 


Ceramic 
36·C/W 
. 


PLCC 
4S·C/W 


ADVANCE INFORMATION. Contact Intel for Design-In Information. 


D.C. CHARACTERISTICS (TA = -40·Cto 
+110·C;Vcc 
= sv ±10%;Vss 
= OV) 


Symbol 
Parametur 
Mln 
Max 
Unit 
Test 
Conditions 


VIL 
Input Low Voltage 
(Except 
EA) 
-0.5 
0.8 
V 


VILl 
Input Low Voltage 
EA 
Vss 
0.7 
V 


VIH 
Input High Voltage 
2.0 
Vcc+0.5 
V 
(ExceptXTAL2, 
RST, EA) 


VIHl 
Input High Voltage 
XTAL2, 
RST 
2.5 
Vcc+0.5 
V 
XTAL1 = Vss 


VIH2 
Input High Voltage 
tll EA 
4.5 
5.5 
V 


VOL 
Output 
Low Voltage 
0.45 
V 
tOL = 1.6 mA (Note 1) 


(Ports 1, 2 and 3) 


VOL1 
Output 
Low Voltage 
0.45 
V 
IOL = 3.2 mA (Note 1) 


(Port 0, ALE, PSElIi) 


VOH 
Output 
High Voltage 
2.4 
V 
IOH = -80 
!LA 
(Ports 1, 2, 3, ALE and PSEN) 


VOHl 
Output 
High Voltage 
2.4 
V 
IOH = -400 
!LA 


(Port 0 in External 
Bus Mode) 


IlL 
Logical 0 Input Curre'nt 
-500 
!LA 
VIN = 0.45 V 
(Ports 1, 2, 3 and RST) 


IILl 
Logical 0 Input Current 
(EA) 
-10 
mA 
VIN = Vss 
500 
!LA 


IIL2 
Logical 0 Input Current 
(XTAL2) 
-3.2 
mA 
VIN = 0.45V XTAL1 = Vss 


III 
Input Leakage 
Curre~t 
(Port 0) 
±10 
!LA 
0.45 
< VIN <Vcc 


IIH 
Logical 
1 Input Current 
(EA) 
1 
mA 
4.5V < VIN < 5.5V 


IIHl 
Input Current 
to RST 
500 
!LA 
VIN < (Vcc-1.5V) 


to activate 
Reset 


Ice 
Power Supply Current 
175 
mA 
All Outputs 
Disconnected 


CIO 
Pin Capacitance 
10 
pF 
Test Ireq = 1MHz 


NOTES: 
1. Capacitive 
loading 
on Ports 0 and ~!may cause 
spurious 
noise 
pulses 
to be superimposed 
on the VOLS 01 ALE and Ports 
1 and 3. The noise 
is due to external 
bus capacitance 
discharging 
into the Port 0 and Port 2 pins when 
these 
pins make 
1- 
to-O transitions 
during 
bus operations. 
In the worst 
cases 
(capacitive 
loading> 
100 pF), the noise pulse on the ALE pin may 


exceed 
0.8V. In such cases 
it may be desirable 
to qualify ALE with a Schmitt 
Trigger, 
or use an address 
latch with a Schmitt 


Trigger 
STROBE 
input. 
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L:Logic 
level LOW, or ALE. 


P:PSEN. 
Q:Output 
data. 
R:RD signal. 
T:Time. 
V:Valid. 
W:WR signal. 
X:No longer a valid logic level. 
Z:Float. 


Each timing symbol 
has 5 characters. 
The first char- 
acter 
is always 
a "T" 
(stands 
for time). 
The other 
characters, 
depending 
on their 
positions, 
stand 
for 
the 
name 
of a signal 
or the 
logic:al status 
of that 
signal. The following 
is a list of all the characters 
and 
what they stand for. 


A:Address. 
C:Clock. 
' 


D:lnput 
data. 


H:Logic 
level HIGH. 
1:lnstruction 
(program 
memory 
cQntents). 


For example, 
TAVLL 
= Time from Address 
Valid to ALE Low. 


TLLPL 
= Time from ALE Low to PSEN Low. 


A.C. CHARACTERISTICS 
ITA = -40·C 
to + 110·C; Vcc = 5V ± 10%; Vss = OV); Load 
Capacitance 
for Port 0, ALE and PSEN = 100 pF; Load Capacitance 
for All Other Outputs 
= 80 pF) 


ADVANCE 
INFORMATION. 
Contact 
Intel for Design-In 
Information. 


EXTERNAL 
PROGRAM 
MI:MORY 
CHARACTERISTICS 


Symbol 
Parametelr 
12 MHz Osc 
Variable 
Oscillator 
Units 
Min 
Max 
Min 
Max 


1/TCLCL 
Oscillator 
Frequency 
3.5 
12.0 
MHz 


TLHLL 
ALE Pulse Width 
127 
2TCLCL-40 
ns 


TAVLL 
Address 
Valid to ALE Low 
43 
TCLCL-40 
ns 


TLLAX 
Address 
Hold After ALE Low 
48 
TCLCL-35 
ns 


TLLlV 
ALE Low to Valid Inslruction 
In 
233 
4TCLCL-100 
ns 


TLLPL 
ALE Low to PSEN Low 
58 
TCLCL-25 
ns 


TPLPH 
PSEN Pulse Width 
215 
3TCLCL-35 
ns 


TPLIV 
PSEN Low to Valid Instruction 
In 
125 
3TCLCL-125 
ns 


TPXIX 
Input Instr Hold After PSEN 
0 
0 
ns 


TPXIZ 
Input Instr Float After PSEN 
63 
TCLCL-20 
ns 


TPXAV 
PSEN to Address 
Valid 
75 
TCLCL-8 
ns 


TAVIV 
Address 
to Valid Instruction 
In 
302 
5TCLCL-115 
ns 


TPLAZ 
PSEN Low to Address 
Float 
20 
20 
ns 


TRLRH 
RD Pulse Width 
400 
6TCLCL-100 
ns 


TWLWH 
WR Pulse Width 
400 
6TCLCL-100 
ns 


TRLDV 
RD Low to Valid Data. In 
252 
5TCLCL-165 
ns 


TRHDX 
Data Hold After RD 
0 
0 
ns 


TRHDZ 
Data Float After RD 
97 
2TCLCL-70 
ns 


TLLDV 
ALE Low to Valid Data In 
517 
8TCLCL-150 
ns 


TAVDV 
Address 
to Valid Data In 
585 
9TCLCL-165 
ns 


TLLWL 
ALE Low to RD or Wt=l Low 
200 
300 
3TCLCL-50 
3TCLCL+50 
ns 


TAVWL 
Address 
to RD or WFI Low 
203 
4TCLCL-130 
ns 


TQVWX 
Data Valid to WR Transition 
23 
TCLCL-60 
ns 


TQVWH 
Data Valid to WR High 
433 
7TCLCL-150 
ns 


TWHQX 
Data Held After WR 
33 
TCLCL-50 
ns 


TRLAZ 
RD Low to Address 
Float 
0 
0 
ns 


TWHLH 
RD or WR High to ALE High 
43 
123 
TCLCL-40 
TCLCL+40 
ns 
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ALE 
r- TLHLL 


TLLPL 
-TAVLL 


15SEN 
n 


X 
A_8_-_A_'_5 
_ 


'I 
TRLRH 


TA~WL 
-TAVDV 


P2.0-P2.7 
OR A8-A 15 FROt.4DPH 
X 
A_8_-_A_l_5_F_RO_t.4_P_C_H 
__ 


-A 
FROt.4 RI OR Df'L 


TAVWL 


A8-A'5 
FROt.4PCH 


270496-8 


inter 
AUTOMOTIVE 
8052BH/8032BH 
&[Q)W&OO©rg 
OOOrP@OOlMl&l1'O@OO 


TEST CONDITIONS 
TA = 
-40·C 
to + 110·C; vcc 
= 5V ± 10%; VSS = OV; Load Capacitance 
= 80 pF 


Symbol 
Parameter 
12MHzOsc 
Variable 
Oscillator 
Units 
Min 
Max 
Min 
Max 


TXLXL 
Serial Port Clock CyGie Time 
1.0 
12TCLCL 
/LS 


TOVXH 
Output Data Setup to 
700 
1OTCLCL -133 
ns 


Clock Rising Edge 


TXHOX 
Output Data Hold After 
50 
2TCLCL-117 
ns 


Clock Rising EdgE! 


TXHDX 
Input Data Hold After 
0 
0 
ns 


Clock Rising EdgE! 


TXHDV 
Clock Rising Edge te' 
700 
1OTCLCL - 133 
ns 


Input Data Valid 


OUTPUT DATA 
I 
WRITE TO SBUF 


INSTRUCTION I 
0 
I 
, 
I 
ALE ..n....n....n.J 


r--TXl XL----j 
---LJ 
CLOCK 


~~TXHQX 
c:£JX 
' 
IX 
2 
X 
3 
X 
4 
X 
5 
X 
j 
-1rTXHDX 
TXHDVr: 


INPUT DATA 
••••• @'AUOALIO 


6 
X 
7 
I 
I 


SET TI 


I 
SET RI 


270496-9 


2.5- 
..J 


A.UTOMOTIVE 
8052BH/8032BH 
£@W£OO©~ 
OOO[F@OOIMl£'i1'O@OO 


Symbol 
Parameter 
Mln 
Max 
Units 


1/TCLCL 
Oscillator 
Frequency 
3.5 
12 
MHz 


TCHCX 
High Time 
20 
ns 


TCLCX 
Low Time 
20 
ns 


TCLCH 
Rise Time 
20 
ns 


TCHCL 
Fall Time 
20 
ns 


The two-level 
Program 
Lock 
system 
consists 
of 2 


Lock bits and a 32-by1e Encryption 
Array which 
are 


used to protect 
the program 
T1emory against 
soft- 
ware piracy. The following 
description 
applies to the 


8752BH. 
The same options 
arE!also available 
on the 


8052BH. 
mask-programmed 
al the factory. 


Within the EPROM 
array are 32 by1es of Encryption 


Array that are initially 
unprogra mmed (all 1s). Every 


time that a by1e is addressed 
during a verify, 
5 ad- 
dress lines are used to select 
a by1e of the Encryp- 


tion 
Array. 
This 
by1e 
is 
thon 
exclusive-NORed 


(XNOR) 
with the code 
by1e, creating 
an Encrypted 


Verify 
by1e. The algorithm, 
with the array in the un- 
programmed 
state (all 1s), will return the code in its 


original, 
unmodified 
form. 


It is recommended 
that whenever 
the Encryption 
Ar- 


ray is used, 
at least 
one 
of t~ e Lock 
Bits be pro- 


grammed 
as well. 


Also included 
in the Program 
Lock scheme 
are two 


Lock Bits which function 
as shown 
in Table 
1. 


2.4=>( 
)C 
2.0 
2.0 


TEST POINTS 
0.8 
0.8 


0.45V 
-------- 
270496-11 


AC inputs during testing are driven at 2.4V for a logic "1" and 
O.4SVfor a logic "0". Timing measurements are made at 2.0V for 
a logic "1" and O.BVfor a logic "0". 


Lock Bits 
Logic Enabled 


LB1 
LB2 


U 
U 
Minimum 
Program Lock features 


enabled. 
(Code Verify will still be 


encrypted 
by the Encryption 


Array) 


P 
U 
MOVC instructions 
executed 
from 


external 
program 
memory are 


disabled 
from fetching 
code by1es 


from internal memory, 
EA is 


sampled 
and latched on reset, 


and further programming 
of the 


EPROM is disabled 


P 
P 
Same as above, but Verify is also 
disabled 


U 
P 
Reserved 
for Future Definition 


P = Programmed 
U = Unprogrammed 


To ensure 
proper functionality 
of the chip, the inter- 


nally latched 
value of the EA pin must agree with its 


external 
state. 


inter 
8752BH 
SINGLE-CHIP 8-BIT MICROCOMPUTER 
WITH 8K BYTES OF EPROM PROGRAM MEMORY 
AUTOMOTIVE 


• 
Program Memory Lock 


• 
256 Bytes Data RAM 
• 
Quick Pulse Programmln~ITMAlgorithm 


• 
12.75V Programming Voltage 


• 
Boolean Processor 


• 
32 Programmable 
I/O Lines 


• 
Three 16-Blt Timer/Counters 


• 
6 Interrupt Sources 


• 
Programmable Serial Channel 


• 
Separate Transmit/Receive 
Baud Rate 
Capability 


• 
64K External Program Memory Space 


• 
64K External Data Memory Space 


I'ffij 


"'l[/~ 
El./VPP 
OST 


inter 


8752BH 
PRODUCT 
OPTIONS 


range of - 40°C to + 85°C ambient. For the automo- 
tive temperature range option, operational charac- 
teristics are guaranteed over the temperature range 
of - 40°C to + 125°C ambient. 
Intel's extended and automotive temperature range 
products are designed to mel3t the needs of those 
applications whose operating requirements exceed 
commerical standards. 
The automotive, extended, and commerical temper- 
ature versions of the MCS-51 product families are 
available with or without burn-in options as listed in 
Table 1. 
With the commercial standard temperature range, 
operational characteristics are' guaranteed over the 
temperature range of O°Cto 70°C ambient. With the 
extended 
temperature 
range option, 
operational 
characteristics are guaranteed over the temperature 


As shown in Figure 2, temperature, burn-in, and 
package options are identified by a one- or two-letter 
prefix to the part number. 


~2 
- BH 
L""... 
""0"'0"'0'' 
3=RO~LESS 
5=RO~ 


L 
PROGRA~ 
~E~ORY 
OPTION: 
o = RO~/RO~LESS 
7 =EPRO~ 
L-_. 
PACKAGE 
TYPE OPTION: 


D = HER~ETIC, 
TYPE D (CERDIP) 
DIP 
P = PLASTIC 
DIP 
R = HER~ETIC. 
LEADLESS 
CHIP 
CARRIER 
(LCC) 
N = PLASTIC, 
LEADLESS 
CHIP 
CARRIER 
(PLCC) 


TE~PERATURE, 
BURN - 
IN OPTION: 
SEE TABLE 
1, COLU~N 
2 


'Example: 
AN8752BH 
indicates 
an automotive 
temperature 
range version 
of the 8752BH 
in a PLCC package 
with 4K byte EPROM 
program 
memory. 


FI'lure 2. MCS@-51Product Family Nomenclature 


Table 1. Temperature-Burn-In 
Options 


Temperature 
Temperature 
Operating 
Burn-In 
Classificatio n 
Designation 
Temperature 
125°C(Hr) 
°CAmblent 


Commercial 
Null 
O°Cto 70°C 
None 
Q 
O°Cto 70°C 
168 ±8 


Extended 
T 
-40°C to + 85°C 
None 
L 
- 40°C to + 85°C 
168 ±8 


Automotive 
A 
-40°C to + 110°C 
None 


NOTE: 
Other 
Burn-In 
options 
are also available, 
but not standard. 


P1.0 


P1.1 


P1.2 


P1.3 


P104 


P1.S 


P1.6 


P1.7 


RESET 


(RXO) 
P3.0 


(TXO) 
P3.l 


(INTO) P3.2 


(INTI) 
P3.3 


(TO) 
P3.4 


(TI) 
P3.S 


(Wil) 
P3.6 


(RD) 
P3.7 


XTAL2 


XTAL1 


VSS 


Pin 
(CERDIP, 
PDIPJi 


IVee 


I po.o (AOO) 


I PO.l 
(AD1) 


I PO.2 (AD2) 


I PO.3 (AD3) 


I PO.4 (AD4) 


I PO.S (ADS) 


I PO.6 (AD6) 


I PO.7 (AD7) 


I fA/Vpp' 


IALE/PROG' 


I PSEN 


I P2.7 
(A1S) 


I P2.6 
(AU) 


IP2.S 
(A13) 


I P2.4 
(A12) 


I P2.3 
(All) 


I P2.2 
(Al0) 


I P2.l 
(A9) 


I P2.0 
(AS) 


270498-3 


Pad 
(LCC, PLCC) 


PO." 
po.s 


PO.6 


PO.7 
fi./Vpp' 


Ne 


ALE/PROG· 


PSEN 


P2.? 


P2.6 


P2.5 


Figure 3. Pin Connections 


In addition, 
P1.0 and P1.1 serve the functions 
of the 


following 
special features 
of the MCS®-51 
Family: 


Vss: Circuit ground.· 


Port 0: Port 0 is an 8-bit open drain bidirectional 
I/O 


port. As an output 
port each pin can sink 8 LS TIL 


inputs. Port 0 pins that have 1s written to them float, 
and 
in that 
state 
can be used 
as high-impedance 


inputs. 


Port 0 is also the multiplexed 
low-order 
address 
and 


data bus during 
accesses 
to extElrnal Program 
and 


Data Memory. 
In this application 
it uses strong inter- 


nal pullups 
when 
emitting 
1s, and can source 
and 


sink 8 LS TIL 
inputs. 


Port 
1: Port 1 is an 8-bit bidirectional 
I/O 
port with 


internal 
pullups. 
The Port 1 output 
buffers 
can sink/ 


source 
4 LS TIL 
inputs. 
Port 
1 pins that 
have 
1s 


written 
to them 
are pulled 
high by the internal 
pull- 


ups, and 
in that 
state 
can 
be u8ed as inputs. 
As 


inputs, 
Port 
1 pins that 
are externally 
being 
pulled 


low will source 
current 
(IlL, on the data sheet) 
be- 


cause of the internal 
pullups. 


Port Pin 
Alternate 
Function 


P1.0 
T2 (Timer/Counter 
2 External 
Input) 


P1.1 
T2EX (Timer/Counter 
2 
Capture/Reload 
Trigger) 


Port 2: Port 2 is an 8-bit bidirectional 
I/O 
port with 


internal 
pullups. 
The Port 2 output 
buffers 
can sink/ 


source 
4 LS TIL 
inputs. 
Port 2 pins that 
have 
1s 


written 
to them are pulled 
high by the internal 
pull- 


ups, and 
in that 
state 
can 
be used 
as inputs. 
As 


inputs, 
Port 2 pins that 
are externally 
being 
pulled 


low will source 
current 
(IlL, on the data sheet) 
be- 


cause of the internal 
pullups. 


Port 
2 emits 
the 
high-order 
address 
byte 
during 


fetches 
from 
external 
Program 
Memory 
and during 


accesses 
to external 
Data 
Memory 
that 
use 16-bit 


addresses 
(MOVX 
@DPTR). 
In this 
application 
it 


uses strong 
internal 
pullups 
when emitting 
1s. Dur- 


ing accesses 
to external 
Data Memory that use 8-bit 


addresses 
(MOVX @Ri), Port 2 emits the contents 
of 


the P2 Special 
Function 
Register. 


Port 3: Port 3 is an a-bit bidire,:tional I/O port with 
internal pullups. The Port 3 output buffers can sink/ 
source 4 LS TIL 
inputs. Port :3 pins that have 1s 


written to them are pulled high by the internal pull- 
ups, and in that state can be used as inputs. As 
inputs, Port 3 pins that are externally being pulled 
low will source current (IlL, on the data sheet) be- 
cause of the pullups. 


Port 3 also serves the functions of various special 
features of the MCS@-51Family, as listed below: 


Port Pin 
Alternate 
Function 


P3.0 
RXD (serial input POlt) 


P3.1 
TXD (serial output port) 


P3.2 
INTO(external interrupt 0) 


P3.3 
INT1 (external interrupt 1) 


P3.4 
TO(Timer 0 external input) 


P3.5 
T1 (Timer 1 external input) 


P3.6 
WR (external data memory write strobe) 


P3.7 
RD (external data momory read strobe) 


RST: Reset input. A high on this pin for two machine 
cycles while the oscillator is running resets the de- 
vice. 


ALE: Address Latch Enable output pulse for latching 
the low byte of the address during accesses to ex- 
ternal memory. 


In normal operation ALE is emitted at a constant 
rate of 1/6 the oscillator frequency, and may be 
used for external timing or clocking purposes. Note, 
however, that one ALE pulse is :,kipped during each 
access to external Data Memory. 


PSEN: Program Store Enable is the Read strobe to 
External Program Memory. 


When the device is executing code from external 
Program Memory, PSEN is activated twice each ma- 
chine cycle, except that two ~;EN 
activations are 


skipped during each access to External Data Memo- 
ry. 


EA: External Access enable. EA must be strapped to 
VSS in order to enable the devico to fetch code from 
External 
Program 
Memory 
locations 
OOOOHto 


1FFFH. Note, however, that if either of the Lock Bits 
are programmed, EA will be internally latched on re- 
set. 


EA should be strapped to VCC for internal program 
executions. 


XTAL 1: Input to the inverting oscillator amplifier. 


XT AL2: Output from the inverting oscillator amplifi- 
er. 


XTAL1 and XTAL2 are the input and output, respec- 
tively, of an inverting amplifier Which can be config- 
ured for use as an on-chip oscillator, as shown in 
Figure 4. Either a quartz crystal or ceramic resonator 
may be used. More detailed information concerning 
the use of the on-chip oscillator is available in Appli- 
cations Note AP-155, "Oscillators for Microcontrol- 
lers." 


To drive the device from an external clock source, 
XTAL1 should be grounded, while XTAL2 is driven, 
as shown in Figure 5. There are no requirements on 
the duty cycle of the external clock signal, since the 
input to the internal clocking circuitry is through a 
divide-by-two flip-flop, but minimum and maximum 
high and low times specified on the Data Sheet must 
be observed. 


XTAL 1 


vss 


EXTERNAL 
OSCILLATOR 
SIGNAL 


inter 


Ambient 
Temperature 
Under Bias 
-- 40°C to + 110°C 


Storage Temperature 
-- 6SoC to + 1S0°C 


Voltage 
on EA Pin 
to VSS 
-O.SV to + 13.0V 


Voltage 
on Any Other Pin to Vss 
-O.SV 
to + 7V 


Power Dissipation 
1.SW 


(based 
on PACKAGE 
heat transf'3r 
limitations, 
not 


device 
power consumption) 


·Notice: Stresses above those listed under '~bso· 
lute Maximum Ratings" may cause permanent dam· 
age to the device. This is a stress rating only and 
functional operation of the device at these or any 
other conditions above those indicated in the opera· 
tional sections of this specification is not implied. Ex- 
posure to absolute maximum rating conditions for 
extended periods may affect device reliability. 


NOTICE: Specifications contained within the 
following tables are subject to change. 


Thermal 
Resistance 
Junction 
to Ambient 
(O/a) 


Package 
O/a 


Ceramic 
36°C/W 


PLCC 
4S"C/W 


Symbol 
Parameter 
Mln 
Max 
Unit 
Test Conditions 


VIL 
Input Low Voltage 
(Exl:ept 
EA) 
-0.5 
o.a 
V 


VIL1 
Input Low Voltage 
EA 
Vss 
0.7 
V 


VIH 
Input High Voltage 
2.0 
Vce+0.5 
V 


(Except 
XTAL2, 
RS", 
EA) 


VIH1 
Input High Voltage 
XTAL2, 
RST 
2.5 
Vcc+0.5 
V 
XTAL1 = Vss 


VIH2 
Input High Voltage 
to tA 
4.5 
5.5 
V 


VOL 
Output 
Low Voltage 
0.45 
V 
IOL = 1.6 mA (Note 1) 


(Ports 1, 2 and 3) 


VOl1 
Output 
Low Voltage 
0.45 
V 
IOL = 3.2 mA (Note 1) 
(Port 0, ALE, PSEN) 


VOH 
Output High Voltage 
2.4 
V 
IOH = -a0l-'A 
(Ports 1, 2, 3, ALE and PSEN) 


VOH1 
Output 
High Voltage 
2.4 
V 
IOH = -400I-'A 
(Port 0 in External 
BIJS Mode) 


IlL 
Logical 0 Input Current 
-500 
I-'A 
VIN = 0.45 V 


(Ports 1, 2, 3 and RST) 


IIL1 
Logical 0 Input Current 
(EA) 
-10 
mA 
VIN = VSS 


500 
I-'A 


1112 
Logical 0 Input Current 
(XT AL2) 
-3.2 
mA 
VIN = 0.45V XTAL 1 = VSS 


III 
Input Leakage 
Current 
(Port 0) 
±10 
I-'A 
0.45 < VIN <Vee 


IIH 
Logical 
1 Input Current 
(EA) 
1 
mA 
4.5V < VIN < 5.5V 


IIH1 
Input Current 
to RST 
500 
I-'A 
VIN < (Vee-1.5V) 


to activate 
Reset 


Ice 
Power Supply Current 
175 
mA 
All Outputs 
Disconnected 


CIO 
Pin Capacitance 
10 
pF 
Testfreq 
= 1MHz 


NOTES: 
1. Capacitive 
loading 
on Ports 0 and 2 may cause 
spurious 
noise pulses 
to be superimposed 
on the VOLS of ALE and Ports 
1 and 3. The noise 
is due to external 
bus capacitance 
discharging 
into the Port 0 and Port 2 pins when 
these 
pins make 
1- 
to-O transitions 
during 
bus operations. 
In the worst 
cases 
(capacitive 
loading> 
100 pF), the noise pulse on the ALE pin may 
exceed 
o.av. 
In such cases 
it may be dosirable 
to qualify 
ALE with a Schmitt 
Trigger, 
or use an address 
latch with a Schmitt 
Trigger 
STROBE 
input. 
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L:Logic 
level LOW, or ALE. 


P:PSEN. 
O:Output 
data. 
R:RD signal. 
T:Time. 
V:Valid. 
W:WR signal. 
X:No longer a valid logic level. 
Z:Float. 


Each timing symbol 
has 5 characters. 
The first char- 
acter 
is always 
a "T" 
(stands 
for time). 
The other 
characters, 
depending 
on their 
positions, 
stand 
for 
the 
name 
of a signal 
or the 
logical 
status 
of that 
signal. The following 
is a list of all the characters 
and 
what they stand for. 


A:Address. 
C:Clock. 
D:lnput 
data. 


H:Logic 
level HIGH. 


1:lnstruction 
(program 
memory 
contents). 


For example, 
TAVLL = Time from Address 
Valid to ALE Low. 


TLLPL 
= Time from ALE Low to PSEN Low. 


A.C. CHARACTERISTICS 
(TA = -40·C 
to + 110·C; Vcc = 5V ± 10%; Vss = OV); Load 
Capacitance 
for Port 0, ALE and PSEN = 100 pF; Load Capacitance 
for All Other Outputs = 80 pF) 


ADVANCE 
INFORMATION-CONTACT 
INTEL FOR DESIGN-IN 
INFORMATION 


EXTERNAL 
PROGRAM 
MEMORY 
CHARACTERISTICS 


Symbol 
Parameter 
12 MHzOsc 
Variable 
Oscillator 
Units 
Min 
Max 
Min 
Max 


1/TCLCL 
Oscillator 
Frequency 
3.5 
12.0 
MHz 


TLHLL 
ALE Pulse Width 
127 
2TCLCL-40 
ns 


TAVLL 
Address 
Valid to ALE Low 
43 
TCLCL-40 
ns 


TLLAX 
Address 
Hold After ALE Low 
48 
TCLCL-35 
ns 


TLLlV 
ALE Low to Valid Instruction 
In 
233 
4TCLCL-100 
ns 


TLLPL 
ALE Low to PSEl\i Low 
58 
TCLCL-25 
ns 


TPLPH 
PSEN Pulse Width 
215 
3TCLCL-35 
ns 


TPLIV 
PSEN Low to Valid Instruction 
In 
125 
3TCLCL-125 
ns 


TPXIX 
Input Instr Hold After PSEN 
0 
0 
ns 


TPXIZ 
Input Instr Float After PSEN 
63 
TCLCL-20 
ns 


TPXAV 
PSEN to Address 
Valid 
75 
TCLCL-8 
ns 


TAVIV 
Address 
to Valid Instruction 
In 
302 
5TCLCL-115 
ns 


TPLAZ 
PSEN Low to Address 
Float 
20 
20 
ns 


TRLRH 
RD Pulse Width 
400 
6TCLCL-100 
ns 


TWLWH 
WR Pulse Width 
400 
6TCLCL-100 
ns 


TRLDV 
RD Low to Valid Data In 
252 
5TCLCL-165 
ns 


TRHDX 
Data Hold After RD 
0 
0 
ns 


TRHDZ 
Data Float After RD 
97 
2TCLCL-70 
ns 


TLLDV 
ALE Low to Valid Data In 
517 
8TCLCL-150 
ns 


TAVDV 
Address to Valid Cata In 
585 
9TCLCL-165 
ns 


TLLWL 
ALE Low to RD or WR Low 
200 
300 
3TCLCL-50 
3TCLCL+50 
ns 


TAVWL 
Address to RD or i/VR Low 
203 
4TCLCL-130 
ns 


TOVWX 
Data Valid to WR Transition 
23 
TCLCL-60 
ns 


TOVWH 
Data Valid to WR High 
433 
7TCLCL-150 
ns 


TWHOX 
Data Held After WI~ 
33 
TCLCL-50 
ns 


TRLAZ 
RD Low to Address 
Float 
0 
0 
ns 


TWHLH 
RD or WR High to ALE High 
43 
123 
TCLCL-40 
TCLCL+40 
ns 


AB-A 15 FROM PCH 
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AB-A 15 FROM PCH 
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TEST CONDITIONS 
TA = 
-40·C 
to + 110·C; vcc 
= 5V ± 10%; VSS = OV; Load Capacitance 
= 80 pF 


Symbol 
Paramtlter 
12MHzOsc 
Variable 
Oscillator 
Units 
Min 
Max 
Min 
Max 


TXLXL 
Serial Port Cloc~: Cycle Time 
1.0 
12TCLCL 
J.los 


TOVXH 
Output Data Set Jp to 
700 
1OTCLCL - 133 
ns 
Clock Rising Edge 


TXHOX 
Output Data Hold After 
50 
2TCLCL-117 
ns 
Clock Rising Edge 


TXHDX 
Input Data Hold After 
0 
0 
ns 
Clock Rising Edge 


TXHDV 
Clock Rising Ed£le to 
700 
1OTCLCL -133 
ns 
Input Data Va id 


INSTRUCTION I 
0 
I 
1 


ALE~ 


OUTPUT DATA 


f 
WRITE TO SBUf 


INPUT DATA ----- 
f 
CLEAR 
RI 
t 
SET RI 


270496-9 
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Symbol 
Parameter 
Mln 
Max 
Units 


1/TClCl 
Oscillator Frequency 
3.5 
12 
MHz 


TCHCX 
High Time 
20 
ns 


TClCX 
low Time 
20 
ns 


TClCH 
Rise Time 
20 
ns 


TCHCl 
Fall Time 
20 
ns 


Table 1 shows the logic levels for programming the 
Program Memory, the Encryption Table, and the 
lock Bits and for reading the signature bytes. 


To be programmed, the 8752BH must be running 
with a 4 MHz to 6 MHz oscillator. (The reason the 
oscillator needs to be running is that the internal bus 
is being used to transfer address and program data 
to appropriate internal registers.) The address of an 
EPROM location to be programmed is applied to 
Port 1 and pins P2.0-P2.4 of Port 2, while the code 
byte to be programmed into that location is applied 
to Port O. The other Port 2 and 3 pins, and RST, 


2.4=>( 
x= 


2.0 
2.0 


0.8 
TEST POINTS 
0.8 


0.45 V 
---------- 
270498-11 


AC inputs during testing are driven at 2.4V for a logic "1" and 
O.4SVfor a logic "0". Timing measurements are made at 2.0V for 
a logic "1" and 0.8V for a logic "0". 


PSEN,and EAlVpp should be held at the "Program" 
levels indicated in Table 2. AlE/PROG 
is pulsed low 


to 
program the code 
byte into the 
addressed 


EPROM location. The setup is shown in Figure 6. 


Normally EA~is 
held at a logic high~ntil 
just 


before AlE/PROG 
is to be pulsed. Then EAlVpp is 


raised to Vpp, AlE/PROG 
is pulsed low, and then 


EAlVpp is returned to a valid high voltage. The volt- 
age on the EAlVpp pin must be at the valid EAlVpp 
high level before a verify is attempted. Waveforms 
and detailed timing specifications are shown in later 
sections of this data sheet. 


Note that the EAlVpp pin must not be allowed to go 
above the maximum specified Vpp level for any 
amount of time. Even a narrow glitch above that volt- 
age level can cause permanent damage to the de- 
vice. The Vpp source should be well regulated and 
free of glitches. 


ThjVpp 


ALEjPROG 


87528H 
PSEN 
0 


P2.? 


1:1: 


4-6h4Hz 0 h 
Ttl 
J_ 


XTAL 1 


vss 


MODE 
RST 
PSEN 
ALEI 
, 
EAI 
P2.7 
P2.6 
P3.6 
P3.7 
PROG 
Vpp 


Program Code Data 
1 
0 
o· 
Vpp 
1 
0 
1 
1 


Verify Code Data 
1 
0 
1 
1 
0 
0 
1 
1 


Program Encryption Table 
1 
0 
O· 
Vpp 
1 
0 
0 
1 
Use Addresses 0-1 FH 


Program Lock 
x = 1 
1 
0 
O· 
Vpp 
1 
1 
1 
1 
Bits (LBx) 
x=2 
1 
0 
O· 
Vpp 
1 
1 
0 
0 


Read Signature 
1 
0 
1 
1 
0 


> 
0 
0 
0 


NOTES: 
"1" = Valid high for that pin 
"0" = Valid low for that pin 
"Vpp" = + 12.75V ±0.25V 
·ALE/PROG is pulsed low for 100 p's for programming. (Quick-Pulse Programming™) 


QUICK-PULSE 
PROGRAMMINGTM 
ALGORITHM 


The 8752BH can be programm<~dusing the Quick- 
Pulse Programming™ Algorithm for microcontrol- 
lers. The features of the new programming method 
are a lower Vpp (12.75V as compared to 21V) and a 
shorter programming pulse. It is possible to program 
the entire 8 Kbytes of EPROM memory in less than 
25 seconds with this algorithm! 


To program the part using the new algorithm, Vpp 
must be 12.75V ±0.25V. ALE/I>ROG is pulsed low 
for 100 !-,-S, 25 times, as shown in Figure 7. Then, the 
byte just programmed may be verified. After pro- 
gramming, the entire array should be verified. The 
Program Lock features are programmed using the 
same method, but with the setup as shown in Table 
2. The only difference in programming Lock features 
is that the Lock features cannot be directly verified. 
Instead, verification of programming is by observing 
that their features are enabled. 


If the Lock Bits have not been programmed, the on- 
chip Program Memory can be read out for verifica- 
tion purposes, if desired, either during or after the 
programming operation. The address of the Program 
Memory location to be read is applied to Port 1 and 
pins P2.0-P2.4. The other pins should be held at the 
"Verify" levels indicated in Table 2. The contents of 
the addressed location will come out on Port O. Ex- 
ternal pullups are required on Port 0 for this opera- 
tion. (If the Encryption Array in the EPROM has been 
programmed, the data present at Port 0 will be Code 
Data XNOR Encryption Data. The user must know 
the Encryption Array contents to manually "unen- 
crypt" the data during verify.) 


The setup, which is shown in Figure 8, is the same 
as for programming the EPROM except that pin P2.7 
is held at a logic low, or may be used as an active 
low read strobe. 


I' 
25 PULSES 
'I 


1 
. 


ALE/PROG:--o ULlll-----~ 


'----.-----J 


1 "-. 
10~s MIN11' 
~~~;: 
'I 


ALE/PROG:---l 
n 
n 
_ 


+5V 


IOkA 
VCC 
• 
x8 


PI 
PO 
PGM 
DATA 


RST 
EA/Vpp 


P3.6 
ALE/PROG 


8752BH 
PSEN 
0 


P3.7 
(ENABLE) 
P2.7 
0 


XTAL2 
P2.6 
0 
.r 


4-6MHZOL 
XTAL I 


VSS 


The two-level 
Program 
Lock 
systom 
consists 
of 2 


Lock bits and a 32-byte 
Encryption 
Array which 
are 


used to protect 
the program 
memory 
against 
soft- 
ware piracy. 


Within the EPROM 
array are 32 bytes of Encryption 


Array that are initially 
unprogramffil3d 
(all 1s). Every 


time that a byte is addressed 
during a verify, 
5 ad- 
dress 
lines are used to select 
a byte of the Encryp- 
tion 
Array. 
This 
byte 
is 
then 
Elxclusive-NORed 


(XNOR) 
with the code 
byte, creating 
an Encrypted 


Verify 
byte. The algorithm, 
with the! array in the un- 
programmed 
state (all 1s), will return the code in its 


original, 
unmodified 
form. 


It is recommended 
that whenever 
the Encryption 
Ar- 
ray is used, 
at least 
one 
of the 
Lock 
Bits be pro- 


grammed 
as well. 


Also included 
in the EPROM 
ProgrElm Lock scheme 


are two Lock Bits which function 
as shown 
in Table 


3. 


Lock Bits 
Logic Enabled 


LB1 
LB2 


U 
U 
Minimum 
Program Lock features 


enabled. 
(Code Verify will still be 


encrypted 
by the Encryption 


Array) 


P 
U 
MOVC instructions 
executed 
from 


external 
program 
memory are 


disabled 
from fetching 
code bytes 


from internal 
memory, 
EA is 


sampled 
and latched on reset, 


and further 
programming 
of the 


EPROM is disabled 


P 
P 
Same as above, but Verify is also 
disabled 


U 
P 
Reserved 
for Future Definition 


P = Programmed 
U = Unprogrammed 


Erasing the EPROM 
also erases 
the Encryption 
Ar- 


ray and the Lock 
Bits, returning 
the part to full un- 


locked 
functionality. 


To ensure 
proper functionality 
of the chip, the inter- 


nally latched 
value of the EA pin must agree with its 


external 
state. 


The signature 
bytes are read by the same procedure 
as a normal verification 
of locations 
030H and 031 H, 


except 
that 
P3.6 and 
P3.7 need to be pulled 
to a 


logic low. The values 
returned 
are: 


(030H) 
= 89H indicates 
manufactured 
by Intel 


(031 H) = 52H indicates 
875:~BH 


Erasure 
of the 
EPROM 
begins 
to occur 
when 
the 
8752BH 
is exposed 
to light with wavelengths 
shorter 


than approximately 
4,000A. 
Since sunlight 
and fluo- 


rescent 
lighting 
have wavelengths 
in this range, ex- 


posure to these light sources 
over an extended 
time 


(about 
1 week 
in sunlight, 
or 3 years 
in room-level 


fluorescent 
lighting) 
could 
cause 
inadvertent 
era- 


sure. 
If an application 
subjects 
the 
device 
to this 


type of exposure, 
it is suggested 
that an opaque 
la- 


bel be placed 
over the window. 


The 
recommended 
erasure 
procedure 
is exposure 


to ultraviolet 
light (at 2537A) to an integrated 
dose of 


at least 
15 W-sec/cm. 
Exposing 
the EPROM 
to an 


ultraviolet 
lamp of 12,000 p.W/cm 
rating for 30 min- 


utes, at a distance 
of about one inch, should 
be suf- 


ficient. 


EPROM PROGRAMMIN(~ AND VERIFICATION 
CHARACTERISTICS 


(TA = 
+21°C 
to + 27"C, Vcc= 
5.0V 
±10%, 
Vss = OV) 


Symbol 
Parameter 
Mln 
Max 
Units 


Vpp 
Programming 
Supply Voltage 
12.5 
13.0 
V 


Ipp 
Programming 
Supply Current 
50 
mA 


1/TCLCL 
Oscillator 
Frequency 
6 
MHz 


TAVGL 
Address 
Setup to PROG Low 
48TCLCL 


TGHAX 
Address 
Hold after PROG 
48TCLCL 


TDVGL 
Data Setup to PROG Low 
48TCLCL 


TGHDX 
Data Hold after PROG 
48TCLCL 
.. , 


TEHSH 
P2.7 (EI\IABLE High to Vpp) 
48TCLCL 
, 
, 


TSHGL 
Vpp Setup to PROG Low 
10 
JLS 


TGHSL 
Vpp Hold after PROG 
10 
P.s 


TGLGH 
PROGWidth 
90 
110 
uS 


TAVQV 
Address 
to Data Valid 
48TCLCL 


TELQV 
ENABLE' Low to Data Valid 
48TCLCL 


TEHQZ 
Data Float after ENABLE 
0 
48TCLCL 


TGHGL 
PROG High to PROG Low 
10 
uS 


-TAVOV 


DATA OUT 


EPFIOM Programming 
and Verification 
Waveforms 
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MCS®·51 
80C31BH/80C51BH/87C51 
CHMOS SINGLE·CHIP 8·BIT MICROCONTROLLER 
AUTOMOTIVE 
• Extended Automotive 
Temperature 
• Boolean Processor 
Range (-40°C 
to + 125°(: Ambient) 
• Programmable Serial Channel 
• High Performance CHMOS Process 
• TTL- and CMOS-Compatible Logic 
• Power Control Modes 
Levels 
• 4K byte On-Chip ROM/EPROM 
• 64K External Program Memory Space 
• 128 x 8-bit RAM 
• 64K External Data Memory Space 
• 32 Programmable I/O Lines 
• IDLE and POWER DOWN Modes 
• Two 16-Blt Timer/CountE!rS 
• ONCETMMode Facilitates System 
• 5 Interrupt Sources 
Testing (EPROM only) 
• Quick-Pulse EPROM Pro91ramming 
• Available in LCC, PLCC and DIP 
Packages 
• 2-Level Program Memory Lock EPROM 
(See 
Packaging 
Specification, 
Order 
#231369) 


The 
MCS@·51 CHMOS 
products 
are fabricated 
on Intel's 
CHMOS 
III (ROM) 
and 
CHMOS 
II-E (EPROM) 


processes 
and are functionally 
compatible 
with the standard 
MCS-51 
HMOS 
and 
EPROM 
products. 
This 
technology 
combines 
the high speed 
and density 
characteristics 
of HMOS with the low power 
attributes 
of 
CHMOS. This combination 
expands 
the effectiveness 
of the powerful 
MCS-51 architecture 
and instruction 
set. 


Like the MCS-51 
HMOS 
versions, 
the MCS-51 
CHMOS 
products 
have the following 
features: 
4K bytes 
of 


EPROM/ROM 
(87C51/80C51BH 
respectively); 
128 bytes of RAM; 32 I/O lines; two 16-bit timer/counters; 
a 


five-source 
two-level 
interrupt 
structure; 
a full duplex serial port; and on-chip 
oscillator 
and clock 
circuitry. 
In 
addition, 
the MCS-51 CHMOS 
products 
exhibit low operating 
power, along with two software 
selectable 
modes 
of reduced 
activity 
for further 
power reduction-Idle 
and Power Down. 


The Idle mode freezes 
the CPU while allowing 
the RAM, timer/counters, 
serial port, and interrupt 
system 
to 
continue 
functioning. 
The Power Down mode saves the RAM contents 
but freezes 
the oscillator, 
causing 
all 
other chip functions 
to be inoperative. 


The 87C51 is the EPROM version 
of the 80C51 BH. It contains 
4K bytes of on-chip 
program 
memory 
that can 
be electrically 
programmed, 
and can be erased by exposure 
to ultraviolet 
light. The 87C51 EPROM array uses 
a modified 
Quick-Pulse 
Programming™ 
algorithm, 
by which 
the entire 4K byte array can be programmed 
in 
about 
12 seconds. 


270419-1 
Figure 
1. MCS@·51 Architectural 
Block 
Diagram 
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87C51/80C51 
BH/80C3 'IBH 
PRODUCT 
OPTIONS 


Intel's 
extended 
and automotive 
temperature 
range 
products 
are designed 
to mee,t the needs 
of those 


applications 
whose 
operating 
requirements 
exceed 


commerical 
standards. 


With 
the 
commercial 
standard 
temperature 
range, 


operational 
characteristics 
are guaranteed 
over the 


temperature 
range of O'C to 7()'C ambient. 
With the 


extended 
temperature 
range 
option, 
operational 


characteristics 
are guaranteed 
over the temperature 


range of - 40'C to + 85°C ambient. 
For the automo- 


tive temperature 
range 
option, 
operational 
charac- 


teristics 
are guaranteed 
over the temperature 
range 


of -40'C 
to + 125°C ambient. 


The automotive, 
extended, 
and commercial 
temper- 


ature versions 
of the MCS-51 
product 
families 
are 


available 
with or without 
burn-in options 
as listed in 


Table 
1. 


As 
shown 
in Figure 
2, temperature, 
burn-in, 
and 


package 
options are identified 
by a one- or two-letter 


prefix to the part number. 


Operating 
frequency 
options 
are noted with a num- 


ber 
suffix: 
The 
standard 
operating 
frequency 
of 


12 MHz is designated 
without 
a suffix; the 16 MHz 


operating 
frequency 
version 
is designated 
by the -1 


suffix. 


'.!!i 
8QC~1- 


~ 


L 
FREQUENCY OPTION: 
NULL = 3.5-12lAHz 
-1 
= 3.5-16lAHz 


PROGRAlA lAElAORYOPTION: 


3=ROlALESS 
5=ROlA 


PROGRAlA lAElAORYOPTION: 


0= ROlA/ROlALESS 
7=EPROlA 


'-·-----PACKAGE 
TYPE OPTION: 


0= HERlAETIC, TYPE D (CERDIP) DIP 
P = PLASTIC DIP 
R = HERlAETlC, LEADLESS CHIP CARRIER (LCC) 
N = PLASTIC, LEADLESS CHIP CARRIER (PLCC) 


L.. 
TElAPERATURE, BURN -IN 
OPTION: 


SEE TABLE 1. COLUlAN 2 


'Example: 
ANBOC51 
indicates 
an automotive 
temperature 
range 
version 
of the 
BOC51 
in a PLCC 
package 
with 
4K 
byte 
ROM 


program 
memory 
and 12 MHz oporating 
frequency 
option. 


FiSJure 2. MCS@-51 Product 
Family 
Nomenclature 


Table 
1. Temperature-Burn-In 
Options 


Temperature 
Temperature 
Operating 
Burn-In 
Classificatfion 
Designation 
Temperature 
125°C (Hr) 
°CAmbient 


Commercial 
Null 
o to 70 
None 
Q 
o to 70 
168 ±8 


Extended 
T 
-40 
to +85 
None 
L 
-40 
to +85 
168 +8 


Automotive 
A 
-40 
to+ 
125 
None 
B 
-40 
to+ 
125 
168 ±8 


NOTE: 
Other 
Burn-In 
options 
are also available, 
but not standard. 
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P1.1 


P1.2 


P1oo3 


P1.-4 


P1.S 


P1.6 


Pt.7 


RESET 


(RXD) 
P3.0 


(TXO) 
P3.1 


(INTO) 
P3.2 


(iim) 
P.1..1 
13 


(TO) PH 


(ll) 
P3.5 


(ViR) 
P3.6 


(iftl) 
P3.7 


XTAl2 


XTAL1 


Vss 


Pin 
(CERDIP, PDIP) 


Vee 


PO.O 
(AOO) 


Po.l 
(A01) 


PO.2 (A02) 


PO.3 (A0.1) 
po." (AD.) 


PO.S (A05) 


PO.6 (A06) 


PO.7 (A07) 
fi./Vpp• 


AlE/PRQG" 


PSEN 


P2.7 
(AI5) 


P2.6 
(A.14) 


P2.5 
(.4.13) 


P2." 
(A12) 


P2 ..1 
(All) 


P2.2 
(Al0) 


P2.1 
(A') 
no 
(A.) 


Po.o4 


PO.S 


PO.' 


PO.7 
fi./Vpp. 


Nt 


ALE/PitOir 


PSEN 


P2.7 


P2.6 


P2.5 


Pad 
(LCC, PLCC) 


Vcc: 
Supply voltage 
during normal. 
Idle. and Power 


Down operations. 


VSS: Circuit ground. 


Port 0: Port 0 is an a-bit open drain bidirectional 
I/O 


port. As an output 
port each pin ,:an sink a LS TIL 


inputs. Port 0 pins that have 1s written to them float. 
and 
in that 
state 
can be used 
CIS high-impedance 


inputs. 


Port 0 is also the multiplexed 
low-order 
address 
and 


data bus during accesses 
to external 
memory. 
In this 


application 
it uses strong internal 
pullups when emit- 
ting 1s. 


Port 0 also receives 
the code bytes during 
EPROM 


programming. 
and 
outputs 
the 
Gode bytes 
during 


program 
verification. 
External 
pullups 
are 
required 


during program 
verification. 


Port 
1: Port 1 is an a-bit bidirectional 
I/O 
port with 


internal 
pullups. 
Port 1 pins that 
lave 
1s written 
to 


them are pulled 
high by the internal 
pullups. 
and in 


that state 
can be used as inputs. As inputs, 
Port 1 


pins that are externally 
being pulled low will source 


current 
(IlL. on the data sheet) be::ause 
of the inter- 
nal pullups. 


Port 
1 also 
receives 
the 
low-order 
address 
bytes 


during 
EPROM 
programming 
and program 
verifica- 


tion. 


Port 
2: Port 2 is an a-bit bidirectional 
I/O 
port with 
internal 
pull ups. Port 2 pins that have 
1s written 
to 


them are pulled 
high by the internal 
pullups, 
and in 
that state can be used as inputs. 
As inputs. 
Port 2 


pins that are externally 
being pulled 
low will source 


current 
(IlL. on the data sheet) because 
of the inter- 


nal pullups. 


Port 
2 emits 
the 
high-order 
address 
byte 
during 


fetches 
from 
external 
Program 
memory 
and during 


accesses 
to external 
Data Memory 
that 
use 16-bit 


address 
(MOVX 
@DPTR). In this application 
it uses 


strong 
internal 
pullups when emitting 
1s. 


During accesses 
to external 
Data Memory 
that use 


a-bit addresses 
(MOVX 
@Ri), Port 2 emits the con- 


tents of the P2 Special 
Function 
Register. 


Port 2 also 
receives 
some 
control 
signals 
and the 


high-order 
address 
bits during EPROM programming 


and program 
verification. 


Port 
3: Port 3 is an a-bit bidirectional 
I/O 
port with 
internal 
pullups. 
Port 3 pins that 
have 1s written 
to 


them are pulled 
high by the internal 
pullups. 
and in 


that state 
can be used as inputs. 
As inputs. 
Port 3 


pins that are externally 
being pulled 
low will source 


current 
(IlL. on the data sheet) 
because 
of the pull- 


ups. 


inter 


Port 3 also serves the functions of various special 
features of the MCS-51 Family, as listed below: 


Pin 
Name 
Alternate Function 


P3.0 
RXD 
Serial Input Line! 


P3.1 
TXD 
Serial Output Lille 


P3.2 
INTO 
External Interrupt 0 


P3.3 
INT1 
External Interrupt 1 
P3.4 
TO 
Timer 0 External Input 
P3.5 
T1 
Timer 1 External Input 


P3.6 
WR 
External Data Memory Write Strobe 


P3.7 
RD 
External Data Memory Read Strobe 


Port 3 also 
receives some control 
signals for 
EPROM programming and program verification. 


RST: Reset input. A logic high on this pin for two 
machine cycles while the oscillator is running resets 
the device. An internal pulldown resistor permits a 
power-on reset to be generated using only an exter- 
nal capacitor to Vcc. 


ALE/PROG (EPROM Only): Address Latch Enable 
output signal for latching the low byte of the address 
during accesses to external memory. This pin is also 
the program pulse input (PROG) during EPROM pro- 
gramming. 


In normal operation ALE is emitted at a constant 
rate of 1/6 
the oscillator freqllency, and may be 


used for external timing or clocking purposes. Note, 
however, that one ALE pulse is skipped during each 
access to external Data Memory. 


PSEN: Program Store Enable is the Read strobe 
to 
External 
Program 
Memory. 
When 
the 


87C51/80C51 BH is executing from Internal Program 
Memory, PSEN is inactive (high). When the device is 
executing code from External Program Memory, 
PSEN is activated twice each me,chinecycle, except 
that two PSEN activations are skipped during each 
access to External Data Memory. 


EA/Vpp: 
External Access 
ene,ble. EA must be 


strapped 
to 
Vss 
in 
order 
to 
enable 
the 


87C51/80C51 BH to fetch code from External Pro- 
gram Memory locations OOOOHto OFFFH. [Note, 
however, that if either of the Lock Bits is pro- 
grammed, the logic level at EA is internally latched 
during reset.] (EPROM only.) 


EA must be strapped to VCC fm internal program 
execution. 


Vpp (EPROM Only): This pin also receives the 
12.75V programming supply 
voltage (Vpp) during 


EPROM programming. 


EXTERNAL 


OSCILLATOR 


SIGNAL 


XTAL 1: Input to the inverting oscillator amplifier and 
input to the internal clock generating circuits. 


XTAL2: Output from the inverting oscillator amplifi- 
er. 


XTAL1 and XTAL2 are the input and output, respec- 
tively, of an inverting amplifier which can be config- 
ured for use as an on-chip oscillator, as shown in 
Figure 4. 


To drive the device from an external clock source, 
XTAL1 should be driven, while XTAL2 is left uncon- 
nected, as shown in Figure 5. There are no require- 
ments on the duty cycle of the external clock signal, 
since the input to the internal clocking circuitry is 
through a divide-by-two flip-flop, but minimum and 
maximum high and low times specified on the Data 
Sheet must be observed. 


In Idle Mode, the CPU puts itself to sleep while all 
the on-chip peripherals remain active. The mode is 
invoked by software. The content of the on-chip 
RAM and all the Special Functions Registers remain 
unchanged during this mode. The Idle Mode can be 
terminated by any enabled interrupt or by a hard- 
ware reset. 


It should be noted that when Idle is terminated by a 
hardware reset, the device normally resumes pro- 
gram execution, from where it left off, up to two ma- 
chine cycles before the internal reset algorithm 
takes control. On-chip hardware inhibits access to 
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Mode 
Program 
ALE 
PSEN 
PORTO 
PORT1 
PORT2 
PORT3 
Memory 
Idle 
Internal 
1 
1 
Data 
Data 
Data 
Data 
Idle 
External 
1 
1 
Float 
Data 
Address 
Data 
Power Down 
Internal 
I 
0 
0 
Data 
Data 
Data 
Data 
Power Down 
External 
I 
0 
0 
Float 
Data 
Data 
Data 


NOTE: 
For more 
detailed 
information 
on the reduced 
power 
modes 
refer to current 
Embedded 
Controller 
Handbook, 
and Applica- 


tion Note AP-252, 
"Designing 
with th£. 80C51BH." 


internal RAM in this event, but access to the port 
pins is not inhibited. To eliminate the possibility of an 
unexpected write to a port pin wt'en Idle is terminat- 
ed by reset, the instruction following the one that 
invokes Idle should not be one that writes to a port 
pin or to external memory. 


In the Power Down mode the oscillator is stopped, 
and the instruction that invokes Power Down is the 
last instruction executed. The on-chip RAM and 
Special Function Registers retai1 their values until 
the Power Down mode is terminated. 


The only exit from Power Down is a hardware reset. 
Reset redefines the SFRs but dClesnot change the 
on-chip RAM. The reset should not be activated be- 
fore VCCis restored to its normal operating level and 
must be held active long enough to allow the oscilla- 
tor to restart and stabilize. 


DESIGN 
CONSIDERATIONS 
(EPROM 
Only) 


Exposure to light when the device is in operation 
may cause logic errors. For this mason, it is suggest- 
ed that an opaque label be placEldover the window 
when the die is exposed to ambient light. 


PROGRAM 
MEMORY 
LOCK 
(EPROM 
Only) 


The 87C51 contains two program memory lock 
schemes: Encrypted Verify and L.ockBits. 


Encrypted 
Verify: 
The 87C51 implements a 32- 
byte EPROM array that can be programmed by the 
customer, and which can then be used to encrypt 
the program code bytes during EPROM verification. 
The EPROM verification procedure is performed as 
usual, except that each code bytE'comes out logical- 
ly X-NORed with one of the 32 I<eybytes. The key 
bytes are gone through in sequonce. Therefore, to 
read the ROM code, one has to know the 32 key 
bytes in their proper sequence. 


Lock Bits: Also on the chip are two Lock Bits which 
can be left unprogrammed (U) or can be pro- 
grammed (P) to obtain the following additional fea- 
tures: 


Bit 1 
Bit 2 
Additional Features 


U 
U 
none 


P 
U 
• Externally fetched code can not 
access internal Program Memory. 
• Further programming disabled. 


U 
P 
(Reserved for Future definition.) 


P 
P 
• Externally fetched code can not 
access internal Program Memory. 
• Further programming disabled. 
• Program verification is disabled. 


When Lock Bit 1 is programmed, the logic level at 
the EA pin is sampled and latched during reset. If 
the device is powered up without a reset, the latch 
initializes to a random value, and holds that value 
until reset is activated. It is necessary that the 
latched value of EA be in agreement with the current 
logic level at that pin in order for the device to func- 
tion properly. 


ONCETM MODE 
(EPROM 
Only) 


The ONCETM ("on-circuit emulation") mode facili- 
tates testing and debugging of systems using the 
87C51 without the 87C51 having to be removed 
from the circuit. The ONCE mode is invoked by: 
1. Pull ALE low while the device is in reset and 
PSEN is high; 
2. Hold ALE low as RST is deactivated. 


While the device is in ONCE mode, the Port 0 pins 
go into a float state, and the other port pins and ALE 
and PSEN are weakly pulled high. The oscillator cir- 
cuit remains active. While the 87C51 is in this mode, 
an emulator or test CPU can be used to drive the 
circuit. Normal operation is restored when a normal 
reset is applied. 
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Ambient 
Temperature 
Under Bial> -40°C 
to + 125°C 


Storage Temperature 
- 65°C to + 150°C 


Voltage 
on EAlVpp 
Pin to VSS 
OV to + 13.0V 


Voltage 
on Any Other Pin to VSS .. - O.SV to + 6.SV 


Power Dissipation 
1.SW 


(Based on package 
heat transfer 
limitations, 
not de- 
vice power 
consumption). 


Typical Junction 
Temperature 
(T,I) 
+ 135°C 


(Based 
upon ambient 
temperatul'e 
at + 125°C) 


Typical 
Thermal 
Resistance 
,Iunction-to-Ambient 


(8JA): 


CERDIP 
, 
36°C/W 


LCC 
38°C/W 


PDIP 
, 
7SoC/W 


PLCC 
.46°C/W 


•Notice: Stresses above those listed under "Abso- 
lute Maximum Ratings" may cause permanent dam- 
age to the device. This is a stress rating only and 
functional operation of the device at these or any 
other conditions above those indicated in the opera- 
tional sections of this specification is not implied Ex- 
posure to absolute maximum rating conditions for 
extended periods may affect device reliability. 


NOTICE: Specifications contained within the 
following tables are subject to change, 


Symbol 
Parameter 
Mln 
Typ(1) 
Max 
Unit 
Test 
(87C51/80C51BH) 
Conditions 


VIL 
Input Low Voltage 
(Except 'EA) 
-0.5 
0.2 Vcc-0.25 
V 


VIL1 
Input Low Voltage 
to EA 
0 
0.2 Vcc-0.45 
V 


VIH 
Input High Voltage 
(Except 
XT AL 1, RST) 
0.2Vce+ 
1.0 
Vce+0.5 
V 


VIH1 
Input High Voltage 
(XTAL1, 
RST) 
0.7Vce+0.1 
Vce+0.5 
V 


VOL 
Output 
Low Voltage 
(Ports 
I, 2, 3) 
0.45 
V 
IOL = 1.6 mA(2) 


VOL1 
Output 
Low Voltage 
(Port 0, ALE, PSEN) 
0.45 
V 
IOL = 3.2 mA(2) 


VOH 
Output 
High Voltage 
2.4 
V 
IOH = -60 
JLA 
(Portsl,2,3,ALE,PSEN) 
0.9Vcc 
V 
IOH = -10 
JLA 


VOH1 
Output 
High Voltage 
(Port 0 in 
2.4 
V 
IOH = -BOO JLA 
External 
Bus Mode) 
0.9Vcc 
V 
IOH = -BO 
JLA(3) 


IlL 
Logical 
0 Input Current 
(Ports 1, 2, 3) 
-75 
JLA 
VIN = 0.45 V 


ITL 
Logical 
l-to-O transition 
cur'ent 
-750 
JLA 
(4) 


(Ports 1, 2, 3) 


III 
Input Leakage 
Current 
(Port 0) 
±10 
JLA 
VIN = VIL or VIH 


Ice 
Power Supply Current: 
Active 
Mode 
@ 12 MHz (5) 
11.5 
35/20 
mA 
Idle Mode 
@ 12 MHz (5) 
1.3 
6/2.5 
mA 
(6) 


Power Down Mode 
3 
150175 (7) 
JLA 
Vce = 2.2V to 5.5V 


RRST 
Internal 
Reset Pulldown 
Re:,istor 
50 
300 
KO 


CIO 
Pin Capacitance 
10 
pF 


NOTES: 
1. "Typicals" 
are based 
on a limited 
number 
of samples 
taken 
from 
early manufacturing 
lots and are not guaranteed. 
The 
values 
listed are at room temp, 
5V. 
2. Capacitive 
loading 
on Ports 0 and 2 may cause 
spurious 
noise pulses 
to be superimposed 
on the VOLS of ALE and Ports 
1 and 3. The noise 
is due to external 
bus capacitance 
discharging 
into the Port 0 and Port 2 pins when 
these 
pins make 
1- 


to-O transitions 
during 
bus operations. 
In the worst 
cases 
(capacitive 
loading> 
100pF), 
the noise pulse on the ALE pin may 
exceed 
O.BV. In such cases 
it may be jesirable 
10 qualify 
ALE with a Schmitt 
Trigger, 
or use an address 
latch with a Schmitt 
Trigger 
STROBE 
input. 


3. Capacitive 
loading 
on 
Ports 
0 and 
2 may cause 
the 
VOH on ALE 
and 
PSEN 
to momentarily 
fall 
below 
the 
0.9 VCC 


specification 
when 
the address 
bits an3 stabilizing. 
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NOTES: 
(Continued) 
4. Pins of Ports 
1, 2, and 
3 source 
a transition 
current 
when 
they 
are being 
externally 
driven 
from 
1 to O. The 
transition 
current 
reaches 
its maximum 
value when 
VIN is approximately 
2V. 
5. ICCMAX 
at other 
frequencies 
is given by: 


Active 
Mode: 
ICCMAX 
= 0.94 
X FREQ + 23.71 


Idle Mode: 
ICCMAX 
= 0.14 
x 
FREQ + 3.81 


where 
FREQ is the external 
oscillator 
frequency 
in MHz. ICCMAX 
is given in mA. See Figure 6. 


6. See Figures 
7 through 
10 for lee t(,st conditions. 


40 


35 


30 


~ 
25 
5 
20 


<.> 
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15 


10 


5 


0 
0 
• 
8 
12 
16 


XTAL2 
XTAL1 
vss 


flIgure 8. lee Test Condition, 
Idle Mode. 


All other pins are disconnected. 


Figure 6. lee vs. FREQ. Valid only 
within frequency 
specifications 
of the 
device 
under te!;t. 


Icc'j' 


V 
cc "3 


V 


PO 


RST 
EA 


XTAL2 
XTAL1 


Vss 


Figure 9. lee Test Condition, 
Power 
Down 


Mode. 
All other pins are disconnected. 


Figure 7. lee Test Condition, 
Active Mode. 
All other pins are disconnected. 


Figure 10. Clock ~;ignalWaveform 
for lee tests In Active and Idle Modes. 
TCLCH = TCHCL = 5 ns. 


Each timing symbol 
has 5 characters. 
The first char- 
acter 
is always 
a 'T' 
(stands 
for time). 
The 
other 
characters, 
depending 
on their positions, 
stand 
for 
the 
name 
of a signal 
or the 
109icai status 
of that 
signal. The following 
is a list of all the characters 
and 
what they stand for. 


A:Address. 
C:Clock. 
D:lnput 
data. 
H:Logic 
level HIGH. 
1:lnstruction 
(program 
memory 
contents). 


L:Logic 
level LOW, or ALE. 
P:PSEN. 
Q:Output 
data. 
R:RD signal. 
T:Time. 
V:Valid. 
W:WR signal. 
X:No longer a valid logic level. 
Z:Float. 


TAVLL 
= Time from Address 
Valid to ALE Low. 
TLLPL 
= Time from ALE Low to PSEN Low. 


A.C. CHARACTERISTICS: 
(TA = -40°C 
to + 125°C; Vcc = 5V ±100/0*; Vss = OV; Load 
Capacitance 
for Port 0, ALE, and PSEN = 100 pF; Load Capacitance 
for All Other Outputs 
= 80 pF) 


Symbol 
Parame!ter 
12 MHzOsc 
Variable 
Oscillator 
Units 
Min 
Max 
Min 
Max 


1/TCLCL 
Oscillator 
Frequency 
MHz 
87C51 180C51 BH/€lOC31 BH 
3.5 
12 
87C51-1 180C51 BH-1 180C31 BH-1 
3.5 
16 


TLHLL 
ALE Pulse Width 
127 
2TCLCL-40 
ns 


TAVLL 
Address 
Valid to ALE Low 
28 
TCLCL-55 
ns 


TLLAX 
Address 
Hold After ALE Low 
48 
TCLCL-35 
ns 


TLLlV 
ALE Low to Valid Instr In 
224 
4TCLCL-110 
ns 


TLLPL 
ALE Low to PSEN L.ow 
43 
TCLCL-40 
ns 


TPLPH 
PSEN Pulse Width 
205 
3TCLCL-45 
ns 


TPLIV 
PSEN Low to Valid Instr In 
135 
3TCLCL-115 
ns 


TPXIX 
Input Instr Hold After PSEN 
0 
0 
ns 


TPXIZ 
Input Instr Float Aft'3r PSEN 
59 
TCLCL-25 
ns 


TAVIV 
Address 
to Valid Instr In 
312 
5TCLCL-115 
ns 


TPLAZ 
PSEN Low to AddrElss Float 
10 
10 
ns 


TRLRH 
RD Pulse Width 
400 
6TCLCL-100 
ns 


TWLWH 
WR Pulse Width 
400 
6TCLCL-100 
ns 


TRLDV 
RD Low to Valid Data In 
252 
5TCLCL-175 
ns 


TRHDX 
Data Hold After RD 
0 
0 
ns 


TRHDZ 
Data Float After Rei 
97 
2TCLCL-70 
ns 


TLLDV 
ALE Low to Valid Data In 
517 
8TCLCL-150 
ns 


TAVDV 
Address 
to Valid Data In 
585 
9TCLCL-165 
ns 


TLLWL 
ALE Low to RD or WR Low 
200 
300 
3TCLCL-50 
3TCLCL+50 
ns 


TAVWL 
Address 
to RD or \/VR Low 
203 
4TCLCL-130 
ns 


TQVWX 
Data Valid to WR Transition 
23 
TCLCL-60 
ns 


TWHQX 
Data Hold After WFi 
33 
TCLCL-50 
ns 


TALAZ 
AD Low to Address 
Float 
0 
0 
ns 


TWHLH 
RD or WR High to ALE High 
43 
123 
TCLCL-40 
TCLCL+40 
ns 


--TLLDV----~· 
•.•I 


T_LWL 
TRLRH 


FROM RI OR DPL 


TAVWl 
- TAVDV 


P:!.0-P2.7 
ORAS-A 15 FRO~ DPH 
AS-A15 FRO~ PCH 


270419-13 


AS-A 15 FRO~ PCH 


270419-14 


FROM RI OR DPL 


TAVWL 


Symbol 
Parameter 
Min 
Max 
Units 


1/TCLCL 
Oscillator 
Frequency 
3.5 
12 
MHz 
3.5 
16" 


TCHCX 
High Time 
20 
ns 


TCLCX 
Low Time 
20 
ns 


TCLCH 
Rise Time 
20 
ns 


TCHCL 
Fall Time 
20 
ns 


12 MHz 
Variable 
Symbol 
Parameter 
Oscillator 
Oscillator 
Units 


Min 
Max 
Mln 
Max 


TXLXL 
Serial Port Clock Cyclo Time 
1.0 
12TCLCL 
p.s 


TOVXH 
Output Data Setup to Clock Rising Edge 
700 
1OTCLCL - 133 
ns 


TXHOX 
Output Data Hold After Clock Rising Edge 
50 
2TCLCL -117 
ns 


TXHDX 
Input Data Hold After Glock Rising Edge 
0 
0 
ns 


TXHDV 
Clock Rising Edge to Input Data Valid 
700 
1OTCLCL - 133 
ns 


INSTRUCTION 
I 
I 
I 


ALEJ"L.Jl.Jl..J1. 


r-TXlXL--j 
---LJ 
CLOCK 


r-TOVXH~ITXHOX 


OUTPUTDATA-----~--D--)(--, 
--X 
2 
~-t -~ 
-lt- TXHDX 
WRITETOSBUF 
TXHDVt 
I 


INPUT 
DATA ::::::::::::X§!) 


VCC-D.S==>( 
=x= 
0.2 Vcc"0.9 


0.2Vcc-O.l 


O•• SV 
-----, 


AC inputs 
during 
testing 
are driven 
at Vcc: - 
0.5 for a Logic 
"1" 
and O.45V for a Logic "0." Timing measurE,ments are made at V'H 
min for a Logic 
"1" 
and VIL max for a LOllic 
"0". 


t 
SET 
RI 


270419-15 


VLOAD+D.lV 
VOH-D.,V 


vLOAD 
::>T1MIN~~I~gENCE<: 


VLOAD-O.lv 
VOL+0.1 V 


270419-18 


For timing 
purposes 
a port 
pin is no longer 
floating 
when 
a 100 


mV change 
from 
load voltage 
occurs, 
and begins 
to float when 
a 


100 mV change 
from 
the loaded 
VOHIVOL 
level 
occurs. 
IOL/IOH 
;, 
±20 
mA. 


inter 


The 87C51 contains 
two signature 
bytes that can be 
read and used by an EPROM 
programming 
system 


to identify 
the device. 
The signature 
bytes 
identify 


the device 
as an 87C51 
manufactured 
by Intel. 


Table 3 shows the logic levels for reading the signa- 
ture byte, and for programming 
the Program 
Memo- 


ry, the Encryption 
Table, and the Lock Bits. The cir- 
cuit 
configuration 
and 
waveforms 
for 
Quick-Pulse 
Programming™ 
are shown 
in Figures 
11 and 
12. 


Figure 
13 shows 
the circuit configuration 
for normal 


Program 
Memory 
verification. 


EPROM CHARACTERISTICS 
(EPROM 
Only) 


The 
87C51 
is programmed 
by a modified 
Quick- 
Pulse Programming™ 
algorithm. 
It differs from older 
methods 
in the 
value 
used 
for Vpp (Programming 
Supply Voltage) 
and in the width and number of the 
ALE/PROG 
pulses. 


MODE 
RST 
PSEN 
ALEI 
EAI 
P2.7 
P2.6 
P3.7 
P3.6 
PROG 
Vpp 


Read Signature 
1 
0 
1 
1 
0 
0 
0 
0 


Program Code Data 
1 
0 
O' 
Vpp 
1 
0 
1 
1 


Verify Code Data 
1 
0 
1 
1 
0 
0 
1 
1 


Pgm Encryption 
Table 
1 
0 
O' 
Vpp 
1 
0 
1 
0 


Pgm Lock Bit 1 
1 
0 
O' 
Vpp 
1 
1 
1 
1 


Pgm Lock Bit 2 
1 
0 
O' 
Vpp 
1 
1 
0 
0 


NOTES: 
"1" 
= Valid high for that pin 


"0" 
= Valid low for that pin 
Vpp = 12.75V 
± 0.25V 
Vcc = 5V ± 10% during 
programming 
and verification 


*ALE/PROG 
receives 
25 programming 
pulses while 
Vpp is held at 12.75V. 
Each programming 
pulse is low for 100 ",S(± 10 


",S) and high for a minimum 
of 10 ",S. 


EA/Vpp 


AlE/PROG 


11 


4-6MHz 0 1=-, 
1il 
J_ 


XTAll 


Vss 


, 
" 
25 PULSES 
'I 
ALE/PROG:--JJUULJl-----~ 
'----..---J 
. 


1 "-. 
10)'5 
MIN1 I' 
~~~t: 
'I 
ALE/PROG:-~ 
...n 
n _ 


Quick-Pulse Programming™ 
(EPROM Only) 


The setup for Microcontroller Quick-Pulse Program- 
ming™ is shown in Figure 11. Note that the 87C51 
is running with a 4 to 6 MHz o:>cillator.The reason 
the oscillator needs to be runni,g is that the device 
is executing internal address and program data 
transfers. 


The address of the EPROM location to be pro- 
grammed is applied to Ports 1 and 2, as shown in 
Figure 11. The code byte to be programmed into 
that location is applied to Port O. RST, PSEN, and 
pins of Ports 2 and 3 specified in Table 3 are held at 
the "Program Code Data" leve s indicated in Table 
2. Then ALE/PROG 
is pulsed low 25 times as 


shown in Figure 12. 


To program the Encryption Ta.ble, repeat the 25- 
pulse 
programming 
sequencE' for 
addresses 
0 


through 1FH, using the "Pgm Encryption Table" lev- 
els. Don't forget that after the Encryption Table is 
programmed, verify cycles will produce only encrypt- 
ed data. 


To program the Lock Bits, repeat the 25-pulse pro- 
gramming sequence using the "Pgm Lock Bit" lev- 
els. After one Lock Bit is programmed, further pro- 
gramming of the Code Memory and Encryption Ta- 
ble is disabled. However, the other Lock Bit can still 
be programmed. 


Note that the EA/Vpp pin must not be allowed to go 
above the maximum specified Vpp level for any 
amount of time. Even a narrow glitch above that volt- 
age level can cause permanent damage to the de- 
vice. The Vpp source should be well regulated and 
free of glitches and overshoot. 


+5V 


vee 


Pl 
PO 


RST 
EA/Vpp 


P3.6 
ALE/PROG 


B7C51 
PSEN 


P3.7 
P2.7 


P2.6 
.r 


4-6lAHZOL 


Program Verification 
(EPROM Only) 


If Lock Bit 2 has not been programmed, the on-chip 
Program Memory can be read out for program verifi- 
cation. The address of the Program Memory location 
to be read is applied to Ports 1 and 2 as shown in 
Figure 13. The other pins are held at the "Verify 
Code Data" levels indicated in Table 3. The con- 
tents of the addressed location will be emitted on 
Port O. External pullups are required on Port 0 for 
this operation. Detailed timing specifications are 
shown in later sections of this data sheet. 


If the Encryption Table has been programmed, the 
data presented at Port 0 will be th'3 Exclusive NOR 
of the program byte with one of the encryption bytes. 
The user will have to know the Encryption Table 
contents in order to correctly decocle the verification 
data. The Encryption Table itself can not be read 
out. 


Reading the Signature 
Bytl!s 
(EPROM Only) 


The signature bytes are read by the same procedure 
as a normal verification of locations 030H and 031H, 
except that P3.6 and P3.7 need to be pulled to a 
logic low. The values returned are: 


(030H) = 89H indicates manufac:turedby Intel 


(031H) = 57H indicates 87C51 


Program/Verify 
Algorithms 
(EPROM Only) 


Any algorithm in agreement with the conditions list- 
ed in Table 3, and which satisfies the timing specifi- 
cations, is suitable. 


Erasure Characteristics 
(EPROM Only) 


Erasure of the EPROM begins to occur when the 
chip is exposed to light with wavelengths shorter 
than approximately 4,000 Angstroms. Since sunlight 
and fluorescent lighting have wavelengths in this 
range, exposure to these light sources over an ex- 
tended time (about 1 week in sunlight, or 3 years in 
room level fluorescent lighting) could cause inadver- 
tent erasure. If an application subjects the device to 
this type of exposure, it is suggested that an opaque 
label be placed over the window. 


The recommended erasure procedure is exposure 
to ultraviolet light (at 2537 Angstroms) to an integrat- 
ed dose of at least 15 W-sec/ cm2. Exposing the 
EPROM to an ultraviolet lamp of 12,000 pW/cm2 
rating for 30 minutes, at a distance of about 1 inch, 
should be sufficient. 


inter 


EPROM 
PROGRAMMING 
AND VERIFICATION 
CHARACTERISTICS: 
(TA = 21°C to 2rc, vcc 
= 5V ± 10%, VSS = OV) 


Symbol 
Parameter 
Min 
Max 
Units 


VPP 
Programming 
Supply Voltage 
12.5 
13.0 
V 


IPP 
Programming 
Supply Current 
50 
mA 


1/TCLCL 
Oscillator 
Frequency 
4 
6 
MHz 


TAVGL 
Address 
Setup to PROG Low 
48TCLCL 


TGHAX 
Address 
Hold After PROG 
48TCLCL 


TDVGL 
Data Setup to PROG Low 
48TCLCL 


TGHDX 
Data Hold After PROG 
48TCLCL 


TEHSH 
P2.7 (ENABLE) 
High to VPP 
48TCLCL 


TSHGL 
VPP Setup to PROG Low 
10 
IJ-s 


TGHSL 
VPP Hold After PROG 
10 
IJ-s 


TGLGH 
PROGWidth 
90 
110 
IJ-s 


TAVQV 
Address 
to Data Valid 
48TCLCL 


TELQV 
ENABLI~ Low to Data Valid 
48TCLCL 


TEHQZ 
Data Float After ENABLE 
0 
48TCLCL 


TGHGL 
PROG High to PROG Low 
10 
IJ-s 


-TAVQV 


DATA 
OUT 


----A- 
TEHSH 
P2.7 


(ENABLE) 
TELQV1 
••••.••• 
- 
__ 1 


80C51FA/83C51FA/87C51FA 
CHMOS SINGLE,·CHIP 8-BIT MICROCONTROLLER 
WITH 


PROGRAMMABLE 
COUNTER ARRAY, UP/DOWN 
COUNTER, BK BYTES USER PROGRAMMABLE 


EPROM/MASK 
ROM 
Automotive 


• 
Extended Automotive 
Temperature 
Range 
(-40°C 
to + 125°C Ambient) 


• 
High Performance CHMOS EPROM 


• 
Power Control Modes 
• 
Three 16-Bit Timer/Coulnters 


• 
Programmable Counter Array with: 
- 
High Speed Output, 
- 
Compare/Capture, 
- 
Pulse Width Modulatclr, 
- 
Watchdog Timer Cap,abilities 


• 
Up/Down Tlmer/Counte'r 
• 
Two Level Program Lock System 


• 
8K On-Chip EPROM 
• 
256 Bytes of On-Chip D.ataRAM 


• 
Quick Pulse Programming™ 
Algorithm 


• 
Boolean Processor 


• 
32 Programmable 
I/O Lines 


• 
7 Interrupt Sources 
• 
Programmable Serial Channel with: 
- 
Framing Error Detection 
- 
Automatic 
Address Recognition 


• 
TTL Compatible ,Logic Levels 


• 
64K External Program Memory Space 


• 
64K External Data Memory Space 


• 
MCS®-51 Fully Compatible Instruction 
Set 


• 
Power Saving Idle and Power Down 
Modes 


• 
ONCETM(On-Circuit Emulation) Mode 


PROGRAM 
MEMORY: 
Up to SIC bytes of the program 
memory 
can reside 
in the on-chip 
ROM/EPROM. 
In 


addition 
the device 
can address 
up to 64K of program 
memory 
external 
to the chip. 


DATA MEMORY: 
This microcontroller 
has a 256 x S on-chip 
RAM. In addition 
it can address 
up to 64K bytes of 


external 
data memory. 


The Intel SOC51FAlS3C51 
FAlS'7C51 FA is a single-chip 
control 
oriented 
microcontroller 
which is fabricated 
on 


Intel's CHMOS 
III (S3C51 FA) ROM, and CHMOS 
II-E (87C51 FA) EPROM technology. 
For the remainder 
of this 


data sheet references 
to the ROMless 
(80C51 FA), ROM (83C51 FA) and EPROM 
(87C51 FA) versions 
will be 


denoted 
as 83C51 FA. Being a member 
of the MCS@-51 family, the 83C51 FA uses the same powerful 
instruc- 


tion set, has the same 
architecture, 
and is pin for pin compatible 
with the existing 
MCS-51 
products. 
The 


83C51 FA is an enhanced 
version 
of the 87C51. It's added features 
make it an even more powerful 
microcon- 


troller 
for applications 
that require 
Pulse Width 
Modulation, 
High Speed 
I/O, and up/down 
counting 
capabili- 


ties such as motor control. 
It alsl) has a more versatile 
serial channel 
that facilitates 
multi-processor 
communi- 


cations. 


inter 
lJOC51FAl83C51 FA/87C51 FA 
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PSEN 
ALE/~ 
EAjVpp 
RST 


r- 
v~ 
VssE 
-=1 


1 


1 
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1 
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I 


z 


TIMING 
~ 
AND 
g 


CONTROL 
l= 
Vl 
;0; 


inter 
80C51 FA/83C51 
FA/87C51 
FA 
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Intel's extended and automotive temperature range 
products are designed to meet the needs of those 
applications whose operating requirements exceed 
commercial standards. 


characteristics are guaranteed over the temperature 
range of - 40·C to + 85·C ambient. For the automo- 
tive temperature range option, operational charac- 
teristics are guaranteed over the temperature range 
of -40·C 
to + 125·C ambient. The automotive, ex- 


tended, and commerical temperature versions of the 
MCS-51 product families are available with or with- 
out burn-in options as listed in Table 1. 


80C51FA/83C51 
FA/87C51 FA 
PRODUCT 
OPTIONS 


With the commercial standard tl3mperature range, 
operational characteristics are gllaranteed over the 
temperature range of O·Cto 70·e ambient. With the 
extended 
temperature 
range option, 
operational 


As shown in Figure 2 temperature, burn-in, and 
package options are identified by a one- or two-letter 
prefix to the part number. 


,---- 
PROGRAM 
MEMORY 
OPTION: 
o = ROM lESS 
3 =ROM 
7 = EPROM 


'-------- 
PACKAGE 
TYPE OPTION: 


0= 
HERMETIC, 
TYPE D (CERDIP) 
DIP 
P = PLASTIC 
DIP 
R = HERMETIC, 
LEADLESS 
CHIP 
CARRIER 
(LCC) 
N = PLASTIC, 
LEADLESS 
CHIP 
CARRIER 
(PlCC) 
L-__ 
: 
TEMPERATURE, 
BURN -IN 
OPTION: 


SEE TABLE 
1. COlUMN 
2 


°Example: 
An 83C51FA indicates an automotive temperature range version of the 83C51FA in a PlCC package with 8-kbyte 
EPROM program memory and 12 MHz operating frequency option. 


Figure 2. MCS@·51Product Family Nomenclature 


Table 1.Temperature-Burn-In 
Options 


TemperaturlB 
Temperature 
Operating 
Burn-In 
Classification 
Designation 
Temperature 
125·C (Hr) 
·C Ambient 


Commercial 
Null 
o to 70 
None 
Q 
o to 70 
168 ± 8 


Extended 
T 
-40 to +85 
None 
L 
-40 to +85 
168 ± 8 


Automotive 
A 
-40 to + 125 
None 
B 
-40 to + 125 
168 ± 8 


NOTE: 
Other Burn-In options are also available, but not standard. 


inter 
80C51FA/83C51FA/87C51FA 
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Port 0: Port 0 is an 8-bit, open drain, bidirectional 
I/O 


port. As an output port each pin can sink several 
LS 


TTL inputs. Port 0 pins that have 1's written to them 
float, 
and in that state can be used as high-imped- 
ance inputs. 


Port 0 is also the multiplexed 
low-order 
address 
and 
data bus during 
accesses 
to external 
Program 
and 
Data Memory. 
In this application 
it uses strong inter- 


nal pull ups when 
emitting1 's, and can source 
and 


sink several 
LS TTL inputs. 


Port 0 also receives 
the code bytes during 
EPROM 
programming, 
and 
outputs 
the 
code 
bytes 
during 
program 
verification. 
External pu lIup resistors 
are re- 


quired during program 
verificaticln. 


Port 1: Port 1 is an 8-bit bidirectional 
I/O 
port with 


internal 
pullups. 
The Port 1 output 
buffers 
can drive 


LS TTL inputs. 
Port 1 pins that 
have 1's written 
to 


them are pulled 
high by the intemal 
pullups, 
and in 


that state 
can be used as inputs. 
As inputs, 
Port 1 


pins that are externally 
being pulled low will source 


current 
(Ill, on the data sheet) because 
of the inter- 


nal pullups. 


In addition, 
Port 1 serves the fun :tions 
of the follow- 


ing special 
features 
of the 83C5" FA: 


Pin 


(CERDIP, 
PDIP) 


P1.0 


P1o1 


P1.2 
Pl.! 
Pl.. 


P1.5 


P1.6 


P1.7 


RESET 


(RXD) 
P3.0 


(TXD) 
Po3.1 


(iNTO) 
P3.2 


(iNTi) 
P3.o3 


(TO) 
P3 .• 


(ll) 
Po3.5 


(ViR) 
P3.6 


(iW) 
P3.7 
17 


XTAL2 
18 


XTAL1 
19 


Vss 


Vcc 


PO.O 
(AOO) 


Po.l 
(0401) 


PO.2 'A02) 


:>0.3 'A003) 


:>0.• 'AD.) 


Ita,S 'A05) 


1'0.6 ''''06) 


1'0.7 'A07) 
i:i/vpp• 
~L£/PiffiG"' 


F"S"EN 


F2.? 
'.4.'5) 


P2.6 
'AI.) 


P2.5 'A13) 


P2 .• 
'A'2) 


P2.3 'A' 1) 


PZ.2 
'A'O) 


PU 
'A9} 


P:!.O 'A8) 


Port Pin 
Alternate 
Function 


P1.0 
T2 (External Count Input to Timer/ 
Counter 2) 


P1.1 
T2EX (Timer/Counter 
2 Capture/ 


Reload Trigger and Direction 
Control) 


P1.2 
ECI (External Count Input to the PCA) 


P1.3 
CEXO (External 
I/O for Compare/ 


Capture Module 0) 


P1.4 
CEX1 (External 
I/O for Compare/ 


Capture Module 
1) 


P1.5 
CEX2 (External 
I/O for Compare/ 


Capture Module 2) 


P1.6 
CEX3 (External 
I/O for Compare/ 


Capture Module 3) 


P1.7 
CEX4 (External 
I/O for Compare/ 


Capture Module 4) 


Port 1 receives 
the low-order 
address 
bytes during 


EPROM 
programming 
and verifying. 


Port 2: Port 2 is an 8-bit bidirectional 
I/O 
port with 


internal 
pullups. 
The Port 2 output 
buffers 
can drive 


LS TTL inputs. 
Port 2 pins that 
have 
1's written 
to 


them are pulled 
high by the internal 
pullups, 
and in 


that state can be used as inputs. 
As inputs, 
Port 2 


pins that are externally 
being pulled 
low will source 


current 
(Ill, on the data sheet) because 
of the inter- 


nal pullups. 


Pad 
(LCC, PLCC) 


P1.5 


P1.6 


P1.7 


OST 


P3.0 
11 
Ne 


P3.1 


P3.2 


P3.3 


Po3.o4 


P3.5 


270501-3 


Diagrams 
are tor pin reference 
only. 
Package 
sizes are not to scale. 


Figure 
3. Pin Connections 


80G51FAl83C51FA/87C51FA 
~©W~OO~~ 
OOO~@OO!Ml~'iJO@OO 


Port 
2 emits 
the 
high-order 
address 
byte 
during 
fetches 
from 
external 
Program 
M emory and during 
accesses 
to external 
Data 
Memory 
that 
use 16-bit 
addresses 
(MOVX 
@DPTR). 
In this 
application 
it 
uses strong 
internal 
pullups when emitting 
1's. Dur- 
ing accesses 
to external 
Data Mernory that use 8-bit 
addresses 
(MOVX @Ri), Port 2 emits the contents 
of 
the P2 Special 
Function 
Register. 


Some Port 2 pins receive the high-order 
address 
bits 
during 
EPROM 
programming 
and program 
verifica- 
tion. 


Port 3: Port 3 is an 8-bit bidirectional 
1/0 
port with 
internal 
pull ups. The Port 3 output 
buffers 
can drive 
LS TIL 
inputs. 
Port 3 pins that 
h'ive 
1's written 
to 
them are pulled 
high by the interral 
pullups, 
and in 
that state 
can be used as inputs. As inputs, 
Port 3 
pins that are externally 
being pullod 
low will source 
current 
(IlL, on the data sheet) 
because 
of the pull- 
ups. 


Port 3 also serves 
the functions 
of various 
special 
features 
of the MCS-51 
Family, as listed below: 


Port Pin 
Alternate 
Function 


P3.0 
RXD (serial input port) 
P3.1 
TXD (serial output port) 
P3.2 
INTO (external 
interrupt 
0) 
P3.3 
INT1 (external 
interrupt 
1) 
P3.4 
TO (Timer 0 external 
input) 
P3.5 
T1 (Timer 1 external 
input) 
P3.6 
WR (external 
data memory write strobe) 
P3.7 
RD (external 
data memory read strobe) 


RST: Reset input. A high on this pin for two machine 
cycles 
while the oscillator 
is runni~g 
resets 
the de- 
vice. An internal 
pulldown 
resistor 
permits 
a power- 
on reset with only a capacitor 
connected 
to Vce. 


ALE/PROG: 
Address 
Latch Enable output 
pulse for 
latching 
the low byte of the address during accesses 
to external 
memory. 
This 
pin (ALE/PROG) 
is also 
the 
program 
pulse 
input 
during 
EPROM 
program- 
ming for the 87C51 FA. 


In normal 
operation 
ALE 
is emitted 
at a constant 
rate of % the oscillator 
frequency, 
and may be used 
for external 
timing or clocking 
purposes. 
Note, how- 
ever, that one ALE pulse is skipped 
during each ac- 
cess to external 
Data Memory. 


Throughout 
the remainder 
of this data 
sheet, 
ALE 
will refer to the signal coming 
out cf the ALE/PROG 
pin, and the pin will be referred to as the ALE/PROG 
pin. 


PSEN: 
Program 
Store 
Enable 
is ttle read strobe 
to 
external 
Program 
Memory. 
. 


When the 83C51 FA is executing 
code from external 


Program 
Memory, 
PSEN is activated 
twice each ma- 


chine 
cycle, 
except 
that 
two 
PSEN 
activations 
are 
skipped 
during each access to external 
Data Memo- 


ry. 


EAlVpp: 
External 
Access 
enable. 
EA 
must 
be 
strapped 
to Vss 
in order 
to enable 
the 
device 
to 
fetch code from external 
Program 
Memory 
locations 
OOOOHto 1FFFH. Note, however, 
that if either of the 
Program Lock bits are programmed, 
EA will be inter- 


nally latched 
on reset. 


EA should 
be strapped 
to VCC for internal 
program 
executions. 


This pin also receives 
the programming 
supply volt- 


age (Vpp) during EPROM 
programming. 


XTAL 1: Input to the inverting 
oscillator 
amplifier. 


XTAL2: Output from the inverting 
oscillator 
amplifier. 


XT AL 1 and XTAL2 are the input and output, 
respec- 
tively, 
of a inverting 
amplifier 
which 
can be config- 


ured for use as an on-chip 
oscillator, 
as shown 
in 
Figure 4. Either a quartz crystal or ceramic 
resonator 


may be used. More detailed 
information 
concerning 
the use of the on-chip 
oscillator 
is available 
in Appli- 
cation 
Note 
AP-155, 
"Oscillators 
for 
Microcontrol- 
lers." 


To drive the device 
from an external 
clock 
source, 
XTAL 1 should 
be 
driven, 
while 
XTAL2 
floats, 
as 
shown in Figure 5. There are no requirements 
on the 
duty cycle of the external 
clock 
signal, since the in- 
put to the internal 
clocking 
circuitry 
is through 
a di- 


vide-by-two 
flip-flop, 
but 
minimum 
and 
maximum 
high and low times specified 
on the data sheet must 
be observed. 
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EXTERNAL 
OSCILLATOR 
SIGNAL 


The user's software 
can invoke the Idle Mode. When 


the microcontroller 
is in this mode, power consump- 


tion is reduced. 
The Special 
Flinction 
Registers 
and 


the onboard 
RAM retain their values during Idle, but 


the 
processor 
stops 
executing 
instructions. 
Idle 


Mode will be exited 
if the chip is reset or if an en- 


abled 
interrupt 
occurs. 
The peA 
timer/counter 
can 


optionally 
be 
left 
running 
or 
paused 
during 
Idle 


Mode. 


To save even more power, a Pcwer Down mode can 
be invoked 
by software. 
In this mode, the oscillator 
is stopped 
and the instruction 
that 
invoked 
Power 


Down 
is the last instruction 
executed. 
The on-chip 


RAM and Special 
Function 
Reg sters retain their val- 


ues until the Power Down modo is terminated. 


On the 83C51 FA either 
a hardware 
reset or an ex- 
ternal interrupt 
can cause an exit from Power Down. 
Reset 
redefines 
all the SFRs tut 
does 
not change 


the on-chip 
RAM. An external 
interrupt 
allows 
both 


the 
SFRs 
and on-chip 
RAM to retain 
their 
values. 
The 
interrupt 
must 
be enabled 
and 
configured 
as 


level sensitive. 
To properly 
terminate 
Power 
Down 


the reset or external 
interrupt 
should 
not be execut- 


ed before 
Vcc 
is restored 
to its normal 
operating 
level, and must be held active 
long enough 
for the 


oscillator 
to restart 
and stabilize. 


• 
Ambient 
light is known to affect the internal 
RAM 


contents 
during operation. 
If the 87C51 FA appli- 


cation 
requires 
the part to be run under ambient 


lighting, 
an opaque 
label should 
be placed 
over 


the window 
to exclude 
light. 


• 
When the Idle mode is terminated 
by a hardware 


reset, the device 
normally 
resumes 
program 
exe- 


cution, 
from where 
it left off, up to two machine 


cycles 
before 
the 
internal 
reset 
algorithm 
takes 


control. 
On-chip 
hardware 
inhibits access to inter- 


nal RAM in this event, but access to the port pins 
is not inhibited. 
To eliminate 
the possibility 
of an 


unexpected 
write when 
Idle is terminated 
by re- 


set, the instruction 
following 
the one that invokes 


Idle should not be one that writes to a port pin or 
to external 
memory. 


The ONCE ("On-Circuit 
Emulation") 
Mode facilitates 


testing 
and 
debugging 
of 
systems 
using 
the 


87C51 FA without 
the 
87C51 FA 
having 
to 
be 
re- 


moved from the circuit. The ONCE Mode is invoked 
by: 


1) Pull ALE 
low while 
the 
device 
is in reset 
and 


PSEN is high; 


2) Hold ALE low as RST is deactivated. 


While the device 
is in ONCE 
Mode, the Port 0 pins 


go into a float state, and the other port pins and ALE 
and PSEN are weakly 
pulled high. The oscillator 
cir- 


cuit 
remains 
active. 
While 
the 
83C51 FA is in this 


mode, an emulator 
or test CPU can be used to drive 


the circuit. Normal operation 
is restored 
when a nor- 


mal reset is applied. 


Mode 
Program 
ALE 
PSEN 
PORTO 
PORT1 
PORT2 
PORT3 
Memory 


Idle 
Internal 
1 
1 
Data 
Data 
Data 
Data 


Idle 
External 
1 
1 
Float 
Data 
Address 
Data 


Power Down 
Internal 
0 
0 
Data 
Data 
Data 
Data 


Power Down 
External 
0 
0 
Float 
Data 
Data 
Data 


NOTE: 
For more detailed 
information 
on the reduced 
power 
modes 
refer to current 
Embedded 
Controller 
Handbook, 
and Applica- 
tion Note AP-252, 
"Designing 
with the BOC51BH." 
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Ambient 
Temperature 
Under Bias 
-40°C 
to + 125°C 


Storage Temperature 
- 65°C to + 150°C 


Voltage 
on EAlVpp 
Pin to VSS 
OV to + 13.0V· 


Voltage on Any Other Pin to Vss 
.. - 0.5V to + 6.5V 


Power Dissipation 
, 
1.5W 


(Based on PACKAGE 
heat tram;fer 
limitations, 
not 
device 
power consumption) 


·EPROM 
only 


•Notice: Stresses above those listed under "Abso- 
lute Maximum Ratings" may cause permanent dam- 
age to the device. This is a stress rating only and 
functional operation of the device at these or any 
other conditions above those indicated in the opera- 
tional sections of this specification is not implied. Ex- 
posure to absolute maximum rating conditions for 
extended periods may affect device reliability. 


NOTICE' Specifications contained within the 
following tables are subject to change. 


Symbol 
Parameter 
Min 
Max 
Unit 
Test Conditions 


VIL 
Input Low Voltage 
-0.5 
0.2Vcc-0.1 
V 


VIl1 
Input Low Voltage 
EJl: 
0 
0.2 Vcc-0.3 
V 


VIH 
Input High Voltage 
0.2 Vcc+0.9 
Vcc+0.5 
V 


(Except XTAL2, RST, EA) 


VIH1 
Input High Voltage 
0.7Vcc 
Vcc+0.5 
V 


(XTAL, RST) 


VOL 
Output Low Voltage 
0.45 
V 
IOL = 1.6 mA(1) 


(Ports 1, 2 and 3) 


VOl1 
Output Low Voltage 
.__ 
0.45 
V 
IOL = 3.2 mA(1) 


(Port 0, ALE/PROG, 
PSEN) 


VOH 
Output High Voltage 
2.4 
V 
IOH = -60 
p.A 


(Ports 1, 2 and 3 
ALE/PROG 
and PSEN) 
0.9Vcc 
V 
IOH = -10 
p.A(2) 


VOH1 
Output High Voltage 
2.4 
V 
IOH = -800 
p.A 


(Port 0 in External Bus Mode) 
0.9Vcc 
V 
IOH = - 80 p.A(2) 


I'L 
Logical 0 Input Current 
-50 
p.A 
VIN = 0.45V 


(Ports 1, 2, and 3) 


III 
Input leaka~Currenl 
±10 
p.A 
VIN = VIL or VIH 


(Port 0 and EA) 


ITL 
Logical 1 to 0 Transition 
Current 
-650 
p.A 
VIN = 2V 


(Ports 1, 2, and 3) 


RRST 
RST Pulldown 
Resistor 
40 
225 
K.l1 


CIO 
Pin Capacitance 
10 
pF 
@1MHz, 25°C 


Icc 
Power Supply Current: 
(Note 3) 


Running at 12 MHz (Figure 5) 
40 
mA 
Idle Mode at 12 MI-z (Figure 5) 
12 
mA 
Power Down Mode 
100 
p.A 


NOTES: 
1. Capacitive 
loading 
on Ports 0 and 2 may cause 
spurious 
noise pulses 
to be superimposed 
on the VOLS 
of ALE and Ports 
1 and 3. The noise is due to external 
bus capacitance 
discharging 
into the Port 0 and Port 2 pins when these 
pins make 
1 to 
o transitions 
during 
bus operations. 
In EtPplications where 
capacitance 
loading 
exceeds 
100 pFs, the noise pulse on the ALE 
signal 
may exceed 
O.BV. In these 
case", 
it may be desirable 
to qualify 
ALE with a Schmitt 
Trigger, 
or use an Address 
latch 
with a Schmitt 
Trigger 
Strobe 
input. 


2. Capacitive 
loading 
on Ports 0 and 2 cause 
the VOH on ALE and PSEN to drop below 
the 0.9 Vcc 
specification 
when 
the 
address 
lines are stabilizing. 
3. See Figures 
6-9 
for test conditions. 


intJ 
80C51FA/83C51FA/87C51FA 
&IIDW&OO©(§ 
OOO!?@OOIMl&ifO@OO 


PO 


RST 
EA 


XTAL2 
XTAL1 
Vss 
Ice Max at other 
frequencies 
is given 
by: 


Active 
Mode 


Ice MAX = 2.2 
X FREQ + 3.1 


Idle Mode 


Ice MAX 
~ 
0.49 
X FREQ + 1.6 


Where 
FREQ 
is in MHz, 
leeMAX 
is giv,," 
in mA. 


Figure 7. lee Test Condition, 
Active 
Mode 


All other pins disconnected. 


Vcc 
lice 
, 
Vcc 


XTAl2 
XTAl1 
vss 
XTAL2 
XTALl 
Vss 


Figure 10. lee Test Condition, 


Power Down Mode. 
All other pins disconnected. 


Vee = 2.0V to 5.5V. 
Figure 8. lee Test Condition 
Idle Mode. 
All other pins discol~nected. 


Vcc-O.s 
--- ---J- . 
• 
0.7 vcc 
0.4SV --- 
('.2 Vcc-O.l 
TCHCL 
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L: Logic level LOW, or ALE 
P:PSEN 
Q: Output 
Data 
R: RD signal 
T: Time 
V: Valid 
W: WR signal 
X: No longer a valid logic level 
Z: Float 


Each timing symbol 
has 5 characters. 
The first char- 
acter 
is always 
a 'T' 
(stands 
for time). 
The 
other 
characters, 
depending 
on their 
positions, 
stand 
for 
the 
name 
of a signal 
or the 
logical 
status 
of that 
signal. The following 
is a list of all the characters 
and 
what they stand for. 


A: Address 
C: Clock 
0: Input Data 
H: Logic level HIGH 
I: Instruction 
(program 
memory 
contents) 
TAVLL = Time from Address 
Valid to ALE Low 
TLLPL = Time from ALE Low to PSEN Low 


A.C. CHARACTERISTICS 
(TA = - 40·C to + 125·C, Vcc = 5V ± 10%, Vss = OV, Load Capacitance 
for Port 0, ALE/PROG 
and PSEN = 100 pF, Load Capacitance 
for All Other Outputs = 80 pF) 


Symbol 
Parameter 
12 MHz Oscillator 
Variable 
Oscillator 
Units 
Mln 
Max 
Mln 
Max 


1/TCLCL 
Oscillator 
Frequency 
3.5 
12 
MHz 


ITLHLL 
ALE Pulse Width 
127 
2TCLCL-40 
ns 


ITAVLL 
Address 
Valid to ALE Low 
28 
TCLCL-55 
ns 


ITLLAX 
Address 
Hold After ALE Low 
48 
TCLCL-35 
ns 


ITLLlV 
ALE Low to Valid Instruction 
In 
224 
4TCLCL-110 
ns 


ITLLPL 
ALE Low to PSEN Low 
43 
TCLCL-40 
ns 


TPLPH 
PSEN Pulse Width 
205 
3TCLCL-45 
ns 


ITPLIv 
PSEN Low to Valid Instruction 
In 
135 
3TCLCL-115 
ns 


ITpxlx 
Input Instruction 
Hold After PSEN 
0 
0 
ns 


ITpxlz 
Input Instruction 
Float After PSEN 
59 
TCLCL-25 
ns 


ITAVIV 
Address 
to Valid Instruc-:ion In 
302 
5TCLCL-115 
ns 


ITPLAZ 
PSEN Low to Address 
Float 
10 
10 
ns 


ITRLRH 
RD Pulse Width 
400 
6TCLCL-100 
ns 


!TWLWH 
WR Pulse Width 
400 
6TCLCL-100 
ns 


ITRLDV 
RD Low to Valid Data In 
242 
5TCLCL-175 
ns 


ITRHDX 
Data Hold After RD 
-10 
-10 
ns 


ITRHDZ 
Data Float After RD 
97 
2TCLCL-70 
ns 


ITLLDV 
ALE Low to Valid Data In 
507 
8TCLCL-160 
ns 


ITAVDV 
Address 
to Valid Data In 
575 
9TCLCL-175 
ns 


ITLLWL 
ALE Low to RD or WR Low 
200 
300 
3TCLCL-50 
3TCLCL+50 
ns 


ITAVWL 
Address 
Valid to WR Low 
203 
4TCLCL-130 
ns 


ITQVWX 
Address 
Valid before WB 
23 
TCLCL-60 
ns 


!TWHQX 
Data Hold after WR 
33 
TCLCL-50 
ns 
TRLAZ 
RD Low to Address 
Float 
0 
0 
ns 
TWHLH 
RD or WR High to ALE High 
43 
123 
TCLCL-40 
TCLCL+40 
ns 
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AO-A7 
FROIolRI OR DPL 


TAVWL 
-TAVDV 


P2.0-P2.7 
OR A8-A15 
FROIolDPH 
A8-A 15 FROM PCH 


270501-13 


TOVWH 


DATA OUT 


X 
A_8-_A_l_5_F_RO_Iol_PC_H __ 
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Symbol 
Parameter 
12 MHz Oscillator 
Variable 
Oscillator 
Units 


Mln 
Max 
Mln 
Max 


TXLXL 
Serial Port Clock Cycle Time 
1 
12TCLCL 
,...s 


TOVXH 
Output Data Setup to Clock 
700 
1OTCLCL - 133 
ns 


Rising Edge 


TXHOX 
Output Data Hold after 
50 
2TCLCL-117 
ns 


Clock Rising Edge 


TXHDX 
Input Data Hold After Clock 
0 
0 
ns 


Rising Edge 


TXHDV 
Clock Rising Edge to Input 
700 
1OTCLCL -133 
ns 


Data Valid 


INSTRUCTIONI 
0 
I 
1 
1 
2 


ALE .Jl..IL.Il-fl 


rTXLXL----j 


CLOCK-----L 


I TOVXH-l rTXHOX 


OUTPUT DATA ----CL--o-rx 
1 
IX 
2 
X 
_ 


t 
J 
-I rTXHDX 


WRITETO saur 
- 
TXHDVr.: 


INPUT DATA 
)@1JDALI)AUO 


3 
X 
4 
X 
5 
X 
6 
X 
7 
I, 
SET TI 


AUO 
ALl) 
AUO 
AUO 
ALl), 
SET RI 
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Symbol 
Parameter 
Mln 
Max 
Units 


1/TCLCL 
Oscillator 
Frequency 
3.5 
12 
MHz 


TCHCX 
High--ime 
20 
ns 


TCLCX 
Low Time 
20 
ns 


TCLCH 
Rise Time 
20 
ns 


TCHCL 
Fall Time 
20 
ns 
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>C 
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AC Inputs 
during 
testing 
are driven 
at Vcc-0.5V 
for a Logic 
"1" 
and 0.45V for a Logic "0". 
Timing 
measurements 
are made at VIH 
min for a Logic 
"1" 
and VOL max for a Logic 
"0". 


VOL+O.1 
V 


270501-18 
For 
timing 
purposes 
a port 
pin 
is 
no 
longer 
floating 
when 
a 
100 
mV 
change 
from 
load 
voltage 
occurs, 
and 
begins 
to float 
when 
a 100 mV change 
from 
the loaded 
VOHIVOL 
level 
occurs. 


IOL/IOH 
;" ± 20 mA. 


Table 3 shows the logic levels for programming 
the Program 
Memory, the Encryption 
Table, and the Lock Bits 
and for reading the signature 
bytes. 


Mode 
RST 
PSEN 
ALEI 
EAt 
P2.7 
P2.6 
P3.6 
P3.7 
PROG 
Vpp 


Program Code Data 
1 
0 
O· 
Vpp 
1 
0 
1 
1 


Verify Code Data 
1 
0 
1 
1 
0 
0 
1 
1 


Program Encryption 
Table 
1 
0 
O· 
Vpp 
1 
0 
0 
1 
Use Addresses 
0-1 FH 


Program Lock 
x=1 
1 
0 
O· 
Vpp 
1 
1 
1 
1 
Bits (LBx) 
x=2 
1 
0 
O· 
Vpp 
1 
1 
0 
0 


Read Signature 
1 
0 
1 
1 
0 
0 
0 
0 


NOTES: 
"1" 
= Valid high for that pin 
'0" 
= Valid low for that pin 
"VPP" 
= + 12. 75V ± 0.25V 
• ALE/PROG 
is pulsed 
low for 100 ,.s for programming. 
(Quick-Pulse 
ProgrammingTM) 


To be programmed, 
the part must be running with a 
4 to 
6 MHz 
oscillator. 
(The 
r'3ason 
the 
oscillator 
needs to be running 
is that the internal 
bus is being 
used to transfer 
address and program 
data to appro- 
priate internal 
EPROM 10cationE..) The address 
of an 
EPROM 
location 
to be programmed 
is applied 
to 
Port 1 and pins P2.0 - P2.4 of P::>rt2, while the code 
byte to be programmed 
into thelt location 
is applied 
to Port O. The other 
Port 2 and 3 pins, RST PSEN, 
and EA/Vpp 
should be held at tl,e "Program" 
levels 
indicated 
in Table 
2. ALE/PROG 
is pulsed 
low to 
program 
the code byte into the addressed 
EPROM 
location. 
The setup is shown 
in Figure 11. 


Normally 
EA/Vpp 
is held at logic high un.!!!just 
be- 
fore 
ALE/PROG 
is to be pulsed. 
Then 
EA/Vpp 
is 
raised to Vpp, ALE/PROG 
is pulsed 
low, and then 
EA/Vpp 
is returned 
to a valid high voltage. 
The volt- 
age on the EA/Vpp 
pin must be at the valid EA/Vpp 
high level before 
a verify 
is attempted. 
Waveforms 
and detailed 
timing specifications 
are shown 
in later 
sections 
of this data sheet. 


Note that the EA/Vpp 
pin must not be allowed 
to go 
above 
the 
maximum 
specified 
Vpp 
level 
for 
any 
amount of time. Even a narrow glitch above that volt- 
age level can cause 
permanent 
damage 
to the de- 
vice. The Vpp source 
should 
be well regulated 
and 
free of glitches. 
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XTAL 1 


VSS 


87e51 fA 
PSEN 


P2.7 


1 1-' ------25 
PULSES 


ALE/PROG:--cUlJlJlJl- ----~ 
'-------' 


'-- 
100}.'s 
1 
~ 
10}.'St.4IN1I' 
:I:10~s 
'I 


ALE/PROG:--~ 
n 
n 
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Quick-Pulse 
ProgrammingjTM Algorithm 


The 87C51 FA can be programmed 
using the Quick- 


Pulse 
Programming™ 
Algorithm 
for 
microcontrol- 
lers. The features 
of the new prollramming 
method 


are a lower Vpp (12.75V as compared 
to 21V) and a 


shorter 
programming 
pulse. It is possible 
to program 


the entire 8K Bytes of EPROM 
memory 
in less than 


25 seconds 
with this algorithm! 


To program 
the part using the nE!Walgorithm, 
Vpp 


must be 12.75V 
±0.25V. 
ALE/PROG 
is pulsed 
low 


for 100 /Ls, 25 times 
as shown 
in Figure 
12. Then, 
the byte just programmed 
may be verified. 
After pro- 


gramming, 
the entire 
array 
shoulo 
be verified. 
The 


Program 
Lock 
features 
are programmed 
using the 


same method, 
but with the setup as shown 
in Table 


2. The only difference 
in programming 
Program 
Lock 


features 
is that the Program Lock foatures 
cannot be 


directly verified. 
Instead, verification 
of programming 


is by observing 
that their features 
are enabled. 


If 
the 
Program 
Lock 
Bits 
have 
not 
been 
pro- 


grammed, 
the on-chip 
Program 
Memory can be read 


out for verification 
purposes, 
if desired, 
either during 


or after the programming 
operation. 
The address 
of 


the Program 
Memory 
location 
to be read is applied 


to Port 1 and pins P2.0 - P2.4. The other pins should 
be held at the "Verify" 
levels 
indicated 
in Table 
4. 


The contents 
of the addressed 
locations 
will come 


out on Port O. External pullups are required on Port 0 
for this operation. 


If the Encryption 
Array in the EPROM 
has been pro- 


grammed, 
the data present 
at Port 0 will be Code 


Data XNOR 
Encryption 
Data. The user must know 


the 
Encryption 
Array 
contents 
to manually 
"unen- 


crypt" 
the data during verify. 


The setup, which is shown in Figure 13, is the same 
as for programming 
the EPROM except that pin P2.7 


is held at a logic low, or may be used as an active- 
low read strobe. 


80C51FAl83C51FAl87C51FA 
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1. 


-4-6t.4HZ[] 
T 


Vee 


1.0-1.7 
Pl 
PO 


RST 
D./Vpp 


P3.6 
ALE!PROG 


87C51FA 
PSEN 


P3.7 
P2.7 


XTAL2 
P2.6 


XTAL 1 


Vss 


o 
(ENABLE) 


o 


~t"'nUM t"'rogram LOCK 


The two-level 
Program 
Lock system 
consists 
of two 
Program 
Lock 
bits and a 32 byte Encryption 
Array 


which 
are 
used 
to 
protect 
the 
program 
memory 


against 
software 
piracy. 


Encryption 
Array (EPROM only) 


Within the EPROM 
array are 32 bytes of Encryption 
Array that are initially unprogrammed 
(all 1's). Every 


time that a byte is addressed 
during 
a verify, 
5 ad- 


dress 
lines are used to select 
a byte of the Encryp- 


tion 
Array. 
This 
byte 
is 
then 
exclusive-NOR'ed 


(XNOR) 
with the code 
byte, creating 
an Encrypted 


Verify 
byte. The algorithm, 
with the array in the un- 


programmed 
state (all 1's), will re'lurn the code in it's 


original, 
unmodified 
form. 


Program Lock Bits (EPROM only) 


Also included 
in the EPROM 
Pronram 
Lock scheme 


are two 
Program 
Lock 
Bits whicl, 
are programmed 


as shown 
in Table 3. 


Erasing the EPROM 
also erases 
the Encryption 
Ar- 


ray and the Program 
Lock Bits, mturning 
the part to 


full functionality. 


Reading the Signature 
Bytes 


The signature 
bytes are read by the same procedure 


as a normal verification 
of locations 
030H and 031H, 


except 
that 
P3.6 and 
P3.7 need 
to be pulled 
to a 


logic low. The values 
returned 
are: 


(030H) = 89H indicates 
manufactured 
by Intel 


(031 H) = SOH indicates 
87C51 FA 
(031 H) = 53H indicates 
83C51 FA 


Erasure Characteristics 
(EPROM only) 


Erasure 
of the 
EPROM 
begins 
to occur 
when 
the 


chip is exposed 
to light with wavelength 
shorter than 


approximately 
4,000 Angstroms. 
Since sunlight 
and 


fluorescent 
lighting 
have wavelengths 
in this range, 


exposure 
to these 
light sources 
over an extended 


time (about 
1 week 
in sunlight, 
or 3 years in room- 


level 
fluorescent 
lighting) 
could 
cause 
inadvertent 


erasure. 
If an application 
subjects 
the device 
to this 


type of exposure, 
it is suggested 
that an opaque 
la- 


bel be placed 
over the window. 


The 
recommended 
erasure 
procedure 
is exposure 


to ultraviolet 
light (at 2537 Angstroms) 
to an integrat- 


ed dose 
of 
at 
least 
15 W-sec/cm. 
Exposing 
the 


EPROM to an ultraviolet 
lamp of 12,000 /J-W/cm rat- 


ing for 30 minutes, 
at a distance 
of about 
1 inch, 


should 
be sufficient. 


Program 
Lock Bits 
Logic Enabled 
LB1 
LB2 


U 
U 
No Program Lock features 
enabled. 
(Code Verify will still be 
encrypted 
by the Encryption 
Array.) 


P 
U 
MOVC instructions 
executed 
from external 
program 
memory 


are disabled 
from fetching 
code bytes from internal 
memory, 


EA is sampled 
and latched on reset, and further programming 


of the EPROM is disabled. 


P 
P 
Same as above, but Verify is also disabled 


U 
P 
Reserved 
for Future Definition 
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EPROM 
PROGRAMMINI:; 
AND VERIFICATION 
CHARACTERISTICS 
(TA = 21°C to 27"C; vcc = 5\1±0.25V; 
vss = OV) 


Symbol 
Parameter 
Mln 
Max 
Units 


Vpp 
Programming 
Supply Voltage 
12.5 
13.0 
V 


Ipp 
Programming 
Supply Current 
50 
mA 


1/TCLCL 
Oscillator 
Frequency 
4 
6 
MHz 


TAVGL 
Address 
Setup to PROG Low 
48TCLCL 


TGHAX 
Address 
Hold after PROG 
48TCLCL 
,. 


TDVGL 
Data Setup to PROG Low 
48TCLCL 
+ 


TGHDX 
Data Hold after PROG 
48TCLCL 


TEHSH 
P2.7 (ENABLE) 
High to Vpp 
48TCLCL 


TSHGL 
Vpp Setup to PROG Low 
10 
/Ls 


TGHSL 
Vpp Hole after PROG 
10 
/Ls 


TGLGH 
PPlOG Width 
90 
110 
/Ls 


TAVQV 
Address 
to Data Valid 
48TCLCL 


TELQV 
ENABLE 
Low to Data Valid 
48TCLCL 


TEHQZ 
Data Float after ENABLE 
0 
48TCLCL 


TGHGL 
PROG High to PROG Low 
10 
/Ls 


-TAVOV 


DATAOUT 


TELOV1 
} 
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80C51 GB/83C51GB/87C51 
GB 
CHMOS SINGILE-CHIP 8-BIT MICROCONTROLLER 
WITH 8K BYTES USER PROGRAMMABLE 
EPROM/MASK 
ROM 
AUTOMOTIVE 
• Extended 
Automotive 
Temperature 
• Serial Expansion 
Channel 
Range (-40°C 
to + 125°G Ambient) 
• Boolean 
Processor 
• High Performance 
CHMOiS 
• Quick Pulse Programming 
TM Algorithm 
ROM/EPROM 


8 Channel, 
8-bit A/D 
Converter 
• Up/Down 
Timer/Counter 
• 
Two 5-channel 
Programmable 
Counter 
• Two Level Program 
Lock System 
• Arrays with: 
• 8K On-Chip 
ROM/EPROM 


- 
High Speed Output, 
• 256 Bytes On-Chip 
Data RAM 
- 
Compare/Capture, 
• 64K External 
Program 
Memory 
Space 
- 
Pulse Width Modulator, 
- 
Watch 
Dog Timer Capi!lbilities 
• 64K External 
Data Memory 
Space 
• 48 Programmable 
I/O Lines, 42 with 
• 7 Interrupt 
Sources 
Schmitt 
Trigger 
Inputs 
• TTL Compatible 
Logic Levels 
• Dedicated 
Watch 
Dog Timer 
• MCS@-51 Instruction 
SuperSet 
• Oscillator 
F~i1ureDetecUon 
• Power SaVing Idle and Power 
Down 
• Three 
16-Bit Timer/Counters 
Modes 
• Programmable 
Serial Ch~lnnelwith: 
• ONCETM (ON-Circuit 
Emulation) 
mode 
- 
Framing 
Error Detecticm 
• Available 
IN 68-lead 
Hermetic, 
Plastic 
- 
Automatic 
Address 
Recognition 
PLCC Packages 


(see Packaging 
Specification, 
Order 
#231369) 


PROGRAM 
MEMORY: 
Up to 8K bytes of the program 
memory 
can reside 
in the on-chip 
ROM/EPROM. 
In 
addition 
the device 
can address 
LiP to 64K of program 
memory 
external 
to the chip. 


DATA MEMORY: 
This microcontroller 
has a 256 x 8 on-chip 
RAM. In addition 
it can address 
up to 64K bytes of 
external 
data memory. 


The Intel 87C51GB/83C51GB/80C51GB 
is a single-chip 
control 
oriented 
microcontroller 
which 
is fabricated 
on Intel's CHMOS 
III (83C51 GB) FIOM and CHMOS 
II-E (87C51 GB) EPROM technology. 
For the remainder 
of 
this datasheet, 
reference 
to the ROMless 
(80C51GB), 
ROM (83C51GB), 
and EPROM 
(87C51GB) 
versions 
will 
be denoted 
as 87C51GB. 
Being 
a member 
of the MCS@-51 family, 
the 87C51GB 
uses the same 
powerful 
instruction 
set, has the same architecture, 
and is pin for pin compatible 
with the existing 
MCS-51 products. 
The 
87C51 GB is an enhanced 
version 
of the 87C51. 
It's added features 
make it an even more powerful 
microcon- 
troller 
for applications 
that require 
Pulse Width 
Modulation, 
High Speed 
I/O, and up/down 
counting 
capabili- 
ties such as motor control. 
It also has a more versatile 
serial channel 
that facilitates 
multi-processor 
communi- 
cations. 


TIt.lING 
15 


AND 
••• 
~ 
CONTROL 
_ 


v p---------- 
££., 
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RST 
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C 
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With the commercial standard temperature range, 
operational characteristics are guaranteed over the 
temperature range of O·Cto lO·C ambient. With the 
extended 
temperature 
range option, 
operational 


characteristics are guaranteed over the temperature 
range of - 40·C to + 8S·C ambient. For the automo- 
tive temperature range option, operational charac- 
teristics are guaranteed over the temperature range 
of - 40·C to + 12S·C ambient. 


Intel's extended and automotive temperature range 
products are designed to meet tre needs of those 
applications whose operating requirements exceed 
commercial standards. 
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8Q 
C.§. 1 - GB 
l 
PROGRAM MEMORY OPTION: 


0= 
ROMLESS 
3=ROM 
7 = EPROM 


'-------- 
PACKAGE TYPE OPTION: 


D = HERMETIC, TYPE D (CERDIP) 
DIP 
P = PLASTIC DIP 
R = HERMETIC, LEADLESS CHIP CARRIER (LCC) 
N = PLASTIC, LEADLESS CHIP CARRIER (PLCC) 


'-----.---- 
TEMPERATURE, BURN -IN 
OPTION: 


SEE TABLE 1, COLUMN 2 


The automotive, extended, and commercial temper- 
ature versions of the MCS-51 product families are 
available with or without burn-in options as listed in 
Table 1. 


As shown in Figure 2, temperature, burn-in, and 
package options are identified by a one- or two-letter 
prefix to the part number. 


The 87C51GB contains six 8-bit parallel I/O ports. 
All six ports are bidirectional and consist of a latch, 
an output driver, and an input buffer. Many of the 
port pins have multiplexed I/O and control functions. 


Port 0 has open drain outputs when it is not serving 
as the external data bus. The internal pullup is active 
only when the pin is outputting a I:>gic1 during exter- 
nal memory access. An external pullup resistor is 
required on Port 0 when it is serving as an output 
port. 


Ports 1, 2, 3, 4 and 5 have qua:,i-bidirectional out- 
puts. A strong pullup provides a fast rise time when 
the pin is set to a logic 1. This pullup turns on for two 
oscillator periods to drive the pin high and then turns 
off. The pin is held high by a weElkpullup. 


Writing the PO,P1, P2, P3, P4 or P5 Special Function 
Register sets the corresponding port pins. All six 
port registers are bit addressable. 


The pins of all six ports are configured as inputs by 
writing a logic 1 to them. Since Port 0 is an open 
drain port, it provides a very high input impedance. 
Since pins of Port 1, 2, 3, 4 and 5 have weak pullups 
(which are always on), they source a small current 
when driven low externally. All ports except POAO 
have Schmitt trigger inputs with a minimum hystere- 
sis of O.4.Volts. 


Ports 0, 1 and 3 reset asynchronously to a one and 
Ports 2, 4, and 5 reset to a zero asynchronously. 
Ports 2, 4 and 5 will reset to a one when the reset is 
done to activate a test mode. 


The 87C51GB will be packaged in the 68 lead PLCC 
and CERQUAD package. Its pin assignment is 
shown in Figure 3. 
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C1EX2/P4.5 


Cl EX3/P4.6 


C1EX4/P4.7 


VCC 
P5.0 


P5.1 


INT1/P5.2 


INT2/P5.3 


INT3/P5.4 


INT4/P5.5 


INT5/P5.6 


INT6/P5.7 


T2/P1.0 


T2EX/P1.1 


C/Pl.2 


CEXO/Pl.3 


CEX1/P1.4 


Temperature 
Temperature 
Operating 
Burn-In 
Classification 
Designation 
Temperature 
125·C (Hr) 
·CAmbient 


CommercicJ 
Null 
o to +70 
None 
Q 
o to +70 
168 ±8 


Extended 
T 
-40 
to +85 
None 
L 
-40 
to +85 
168 ±8 


Automotive 
A 
-40 
to + 125 
None 
B 
-40 
to + 125 
168 ±8 


NOTE: 
Other 
Burn-In 
options 
are also available. 
but not standard. 
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P2.3/All 


P2.2/A10 


P2.1/A9 


P2.0/A8 


EA/Vpp• 


ALE/PROG· 


PSEN 


XTAL2 


XTAL1 


vss 
TRIGIN 


ACHO 


ACHI 


ACH2 


ACH3 


ACH4 


ACH5 
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ALTERNATE 
PORT FUNCTIONS 
Ports 0, 1, 2, 3, 4 and 5 have alternate 
functions 
as well as their I/O function 
as described 
below. 


Port Pin 
Alternate 
Function 


PO.O/ADO - PO.7/AD7 
Multiplexed 
Address/Data 
for External 
Memory 


P1.0/T2 
~ 
Timer 2 External Clock Input 


PU/T2EX 
Timer 2 Reload/Capture/Direction 
Control 


P1.2/C 
PCA External Clock Input 


P1.3/CEXO 
- P1.7 /CEX4 
PCA Capture Input, Compare/PWM 
Output 


P2.0/A8 
- P2.7/A15 
High Byte of Address 
for External 
Memory 


P3.0/RXD 
Serial Port Input 


P3.1/TXD 
Serial Port Output 


P3.2/INTO 
, 
External 
Interrupt 
, 


P3.3/1NT1 
External 
Interrupt 


P3.4/TO 
" 
Timer 0 External Clock Input 


P3.5/T1 
Timer 1 External Clock Input 


P3.6/WR 
Write Strobe for External Memory 


P3.7/RD 
Read Strobe for External Memory 


P4.0/SEPCLK 
Clock Source for Serial Expansion 
Port 


P4.1/SEPDAT 
Data I/O for the Serial Expansion 
Port 


P4.2/C1 
PCA 1 External Clock Input 


P4.3/C1 EXO - P4.7/C1 EX4 
PCA1 Capture Input, Compare/PWM 
Output 


P5.2/INT2 
- P5.6/INT6 
External 
Interrupt 
INT2 -INT6 


RST: Reset input. A high on this pin for two machine 
cycles 
while the oscillator 
is running 
resets 
the de- 
vice. An internal 
pulldown 
resistor 
permits 
a power- 
on with only a capacitor 
connected 
to Vcc. 


ALE/PROG: 
Address 
Latch Enable output 
pulse for 
latching the low byte of the addre:,s during accesses 
to external 
memory. 
This 
pin (ALE/PROG) 
is also 
the 
program 
pulse 
input 
during 
EPROM 
program- 
ming for 87C51GB. 


In normal 
operation 
ALE 
is emi':ted 
at a constant 
rate of % the oscillator 
frequency, 
and may be used 
for external 
timing or clocking 
purposes. 
Note, how- 
ever, that on ALE pulse is skippud 
during 
each ac- 
cess to external 
Data Memory. 


Throughout 
the remainder 
of thi:> data 
sheet, 
ALE 
will refer to the signal coming 
out of the ALE/PROG 
pin, and the pin will be referred to as the ALE/PROG 
pin. 


PSEN: Program 
Store 
Enable 
is the read strobe 
to 
external 
Program 
Memory. 


When the 87C51 GB is executing 
code from external 


Program Memory, 
PSEN is activated 
twice each ma- 


chine 
cycle, 
except 
that 
two 
PSEN activations 
are 
skipped 
during each access to external 
Data Memo- 


ry. 


EAlVpp: 
External 
Access 
enable. 
EA 
must 
be 


strapped 
to VSS in order 
to enable 
the 
device 
to 
fetch code from external 
Program 
Memory 
locations 


OOOOHto 1FFFH. Note, however, 
that if either of the 


Program 
Lock bits are programmed, 
EA will be inter- 


nally latched 
on reset. 


EA should 
be strapped 
to Vcc 
for internal 
program 


executions. 


This pin also receives 
the 12.75V programming 
sup- 


ply voltage 
(Vpp) during EPROM 
programming. 


The 8?C51GB AID converter will have a resolution 
of 8 bits and an accuracy of ± % LSB. The conver- 
sion time for a single channel will be 20 J.Lsec at a 
clock frequency of 16 MHz with the sample and hold 
function included. Independent supply voltages are 
provided for the AID. Also, the AID will operate both 
in normal mode or in idle mode. 


The AID has 8 analog input pin!;; ACHO(AID CHan- 
nel 0) .... ACH?, 1 reference input pin; COMPREF 
(COMParison REFerence), 1 control input pin; TRI· 
GIN (TRIGger IN), and 2 power pins; VREF (Voltage 
REFerence) and ANGND (ANalog GrouND). In addi- 
tion, the AID has 8 conversion 'esult registers; ADO 
(AID result for channel 0) .... AD?, 1 comparison 
result register; ACMP (Analog CoMParison), and 1 
control register; ACON (AID COntrol). 


The control bit ACE (AID Conversion Enable) in 
ACON controls whether the AID is in operation or 
not. ACE= 0 idles the AID. ACE= 1 enables AID 
conversion. The control bit AIM (AID Input Mode) in 
ACON controls the mode of channel selection. AIM 
= 0 is the scan mode, and AIM = 1 is the select 
mode. The result registers AD4 .. AD? always con- 
tain the result of a conversion from the correspond- 
ing channels ACH4 .. ACH? 
However, the result 
registers ADO .. AD3 depend 0' this mode. In the 
scan mode, ADO .. AD3 contain the values from 
ACHO .. ACH3. In the select mcde, one of the four 
channels ACHO.. ACH3 is converted four times, and 
the four values are stored sequentially in locations 
ADO.. AD3. Its channel is selectEldby bits ACS1 and 
ACSO(AID Channel Select 1 and 0) in ACON. 


XTAU and XTAL2 are the input and output, respec- 
tively, of a inverting amplifier which can be config- 
ured for use as an on-chip oscillator, as shown in 
Figure 4. Either a quartz crystal 01' ceramic resonator 
may be used. More detailed infol'mation concerning 
the use of the on-chip oscillator i:l available in Appli- 
cation Note AP-155, "Oscillators for Microcontrol- 
lers." 


To drive the device from an extornal clock source, 
XTAL1 should be driven, while XTAL2 floats, as 
shown in Figure 5. There are no mquirements on the 
duty cycle of the external clock signal, since the in- 
put to the internal clocking circuitry is through a di- 
vide-by-two flip-flop, but minimum and maximum 
high and low times specified on the data sheet must 
be observed. 


XTAL 1 


VSS 


EXTERNAL 
OSCILLATOR 
XTAL 1 
SIGNAL 


The user's software can invoke the Idle Mode. When 
the microcontroller is in this mode, power consump- 
tion is reduced. The Special Function Registers and 
the onboard RAM retain their values during idle, but 
the processor stops executing instructions. 
Idle 
Mode will be exited if the chip is reset or if an en· 
abled interrupt occurs. The PCA timer/counter can 
optionally be left running or paused during Idle 
Mode. 


To save even more power, a Power Down mode can 
be invoked by software. In this mode, the oscillator 
is stopped and the instruction that invoked Power 
Down is the last instruction executed, The on-chip 
RAM and Special Function Registers retain their val- 
ues until the Power Down mode is terminated. 


On the 8?C51GB either a hardware reset or an ex- 
ternal interrupt can cause an exit from Power Down. 
Reset redefines all the SFRs but does not change 
the on-chip RAM, An external interrupt allows both 
the SFRs and on-chip RAM to retain their values. 
The interrupt must be enabled and configured as 
level sensitive. To properly terminate Power Down 
the reset or external interrupt should not be execut- 


ed before Vcc is restored to its normal operating 
level, and must be held active long enough for the 
oscillator to restart and stabilize. 


• Ambient light is known to affect the internal RAM 


contents during operation. If the 87C51GB appli- 
cation requires the part to be run under ambient 
lighting, an opaque label should be placed over 
the window to exclude light. 


• When the idle mode is terminated by a hardware 


reset, the device normally resumes program exe- 
cution, from where it left off, up to two machine 
cycles before the internal rel3et algorithm takes 
control. On- chip hardware inhibits access to in- 
ternal RAM in this event, but access to the port 
pins is not inhibited. To eliminate the possibility of 
an unexpected write when Idle is terminated by 
reset, the instruction following the one that in- 
vokes Idle should not be one that writes to a port 
pin or to external memory. 


The ONCE ("On-Circuit Emulation") Mode facilitates 
testing 
and 
debugging 
of 
systems 
using 
the 


87C51GB without the 87C51GB having to be re- 
moved from the circuit. The ONCE Mode is invoked 
by: 
1) Pull ALE low while the deVice is in reset and 


PSEN is high; 
2) Hold ALE low as RST is deactivated. 


While the device is in ONCE Mode, the Port 0 pins 
go into a float state, and the other port pins and ALE 
and PSEN are weakly pulled high. The oscillator cir- 
cuit remains active. While the 87C51GB is in this 
mode, an emulator or test CPU can be used to drive 
the circuit. Normal operation is restored when a nor- 
mal reset is applied. 


Mode 
Program 
ALE 
PSEN 
PORTO 
PORT1 
PORT2 
PORT3 
Memory 


Idle 
Irternal 
1 
1 
Data 
Data 
Data 
Data 
Idle 
External 
1 
1 
Float 
Data 
Address 
Data 
Power Down 
I ternal 
0 
0 
Data 
Data 
Data 
Data 
Power Down 
External 
0 
0 
Float 
Data 
Data 
Data 


NOTE: 
For more detailed 
information 
on the reduced 
power 
modes 
refer to current 
Embedded 
Controller 
Handbook. 
and Application 
Note AP-252. 
"Designing 
with the 80C51BH." 


inter 


Ambient 
Temperature 
Under Bias -40·C 
to + 125·C 


Storage Temperature 
-65·C 
to + 150·C 


Voltage 
on EAlVpp 
Pin to Vss 
OV to + 13.0V· 


Voltage 
on Any Other Pin to Vss 
.. - 0.5V to + 6.5V 


Power Dissipation. 
. . . . . . . . . .. 
. 
1.5W 


(Based on Package 
heat transfer 
limitations, 
not de- 


vice power consumption) 


'EPROM 
only. 


•Notice: Stresses above those listed under "Abso- 
lute Maximum Ratings" may cause permanent dam- 
age to the device. This is a stress rating only and 
functional operation of the device at these or any 
other conditions above those indicated in the opera- 
tional sections of this specification is not implied. Ex- 
posure to absolute maximum rating conditions for 
extended periods may affect device reliability. 


NOTICE Specifications contained within the 
following tables are subject to change. 


ADVANCED 
INFORMATION 
- Contact 
Intel for Design-In 
Information 


DC CHARACTERISTICS 
TA = -40·C 
to + 125·C case temperature; 
Vcc = 4.5V to 5.5V; Vss = OV 


Symbol 
Parameter 
Mln 
Typ(1) 
Max 
Unit 
Test Conditions 


VT+ 
High-going 
Threshold 
1.10 
1.50 
2.0 
V 


(except XTAL 1, RST, POAO) 


VT- 
Low-going 
Threshold 
0.60 
0.90 
1.2 
V 


(except XTAL 1, RST, POAO) 


VHYS 
Hysteresis 
(VT + 
- 
\IT - ) 
0.40 
0.60 
V 
(except XTAL 1, RST, POAO) 
. 


VIL 
Input Low Voltage 
-0.5 
0.2Vcc 
- 
0.1 
V 


(XTAL1, RST, POAO) 


VIH 
Input High Voltage 
0.7Vcc 
VCC + 0.5 
V 
(XT AL1, RST) 


VIH1 
Input High Voltage 
0.2Vcc 
+ 0.9 
VCC + 0.5 
V 


(Port 0) 


VOL 
Output Low Voltage 
0.45 
V 
IOL = 1.6 mA 


(Ports 1,2,3,4,5) 


Vou 
Output Low Voltage 
0.45 
V 
IOL = 3.2mA 


(PortO, ALES, PSEN) 


VOH 
Output High Voltage 
2.4 
V 
IOH = -60 
J.LA 
(Ports 1,2,3,4,5) 
0.9Vcc 
V 
IOH = -10 
J.LA 


VOH1 
Output 
High Voltage 
2.4 
V 
IOH = -800 
J.LA 
(PortO in Externa_1__ 
0.9Vcc 
V 
IOH = -80 
J.LA 


Bus Mode, ALE, PSEN) 


IlL 
Logical 0 Input Current 
-50 
J.LA 
VIN = 0.45V 
(Ports 1,2,3,4,5) 


ITL 
Logical 
1-to-0 
-650 
J.LA 
VIN = 2.0V 


transition 
current 


(Ports 1,2,3,4,5) 


III 
Input Leakage Current 
±10 
J.LA 
0.45 < VIN < VCC 


(Port 0, EA) 


RRST 
RST Pulldown 
Resisto' 
40 
125 
kO 


CIO 
Pin Capacitance 
10 
pF 
freq = 1 MHz 
TA = 25C 


IpD 
Power Down Current 
200 
J.LA 
(2) 


IDL 
Idle Mode Current 
10 
mA 
(3) 


Icc 
Operating 
Current 
40 
mA 
(4) 


NOTES: 
1: Typical values are obtained using VGC = 5.0V and TA = 25C. 
2: Power Down Current is measured with all output pins disconnected. EA = PORTO = Vcc. XTAL2 N.C., RST = Vss. 
3: Idle 'ee;s measured with all output pins disconnected, XTAL1 driven with TCHLCH. TCHLCH = 10 ns, VIL Vss + 0.5V, 
VIH = Vcc - 
0.5V. XTAL2 N.C., EA ;, PORTO= Vee. RST = Vss. internal clock to PCA gated off. 


4: Ice is measured with all output pins disconnected. XTAU driven with TCLCH. TCLCH = 10 ns. VIL = Vss + 0.5V. 
VIH = Vee - 
0.5V, XTAL2 N.C.. EA ., RST = PORTO= Vee. 


14-96 


inter 


AC SPECIFICATIONS 
TA = -40°C 
to + 125°C case temperature, 
Vcc = 4.5 to 5.5 V, Load Capacitance 
on Port O,ALE, and PSEN 
= 100 pF, Load Capacitance 
on all other outputs 
= 80 pF 


Symbol 
ParametE,r 
12 MHz Osc. 
Variable Osc. 
Units 
Min 
Max 
Mln 
Max 


1/TCLCL 
Osc. Freq. 
3.5 
12 
MHz 


TLHLL 
ALE Pulse Width 
112 
2TCLCL - 
55 
ns 


TAVLL 
ADDR Valid TOALE Low 
13 
TCLCL - 
70 
ns 


TLLAX 
ADDR Hold After ALE Low 
33 
TCLCL - 
50 
ns 


TLLlV 
ALE Low to Valid Inst. IN 
218 
4TCLCL - 
115 
ns 


TLLPL 
ALE LOW to PSEr"; LOW 
28 
TCLCL - 
55 
ns 


TPLPH 
PSEN Pulse Width 
190 
3TCLCL - 
60 
ns 


TPLIV 
PSEN Low to Valid Instr In 
130 
3TCLCL - 
120 
ns 


TPXIX 
Input Instr. Hold Atter PSEN 
0 
0 
ns 


TPXIZ 
Input Instr. Float Alter PSEN 
43 
TCLCL - 
40 
ns 


TAVIV 
ADDR To Valid Inslr. In 
297 
5TCLCL - 
120 
ns 


TPLAZ 
PSEN Low to ADDH Float 
25 
25 
ns 


TRLRH 
RD PULSE WIDTH 
400 
6TCLCL - 
100 
ns 


TWLWH 
WR PULSE WIDTH 
400 
6TCLCL - 
100 
ns 


TRLDV 
RD Low to Valid Data In 
232 
5TCLCL - 
185 
ns 


TRHDX 
Data Hold After RD 
0 
0 
ns 


TRHDZ 
Data Float After RD 
82 
2TCLCL - 
85 
ns 


TLLDV 
ALE Low to Valid Data In 
496 
8TCLCL - 
170 
ns 


TAVDV 
ADDR To Valid Data In 
565 
9TCLCL - 
185 
ns 


TLLWL 
ALE Low to RD or \VR Low 
185 
315 
3TCLCL - 
65 
3TCLCL + 65 
ns 


TAVWL 
ADDR TO RD or W~ Low 
188 
4TCLCL - 
145 
ns 


TQVWX 
Data Valid to WR Transition 
8 
TCLCL - 
75 
ns 


TWHGX 
Data Hold After WR 
18 
TCLCL - 
65 
ns 


TRLAZ 
RD Low to Addr Float 
0 
0 
ns 


TWHLH 
RD or WR High to ALE High 
18 
148 
TCLCL - 
65 
TCLCL + 65 
ns 


Each timing symbol 
has 5 characters. 
The first char- 
acter is always a T (stands for timH). The other char- 
acters, 
depending 
on their 
positions, 
stand 
for the 
name of a signal or the logical 
status of that signal. 


The following 
is a list of all the characters 
and what 
they stand for: 


A: Address 
C: Clock 
D: Input Data 
H: Logic level HIGH 
I: Instruction 
(program 
memory 
contents) 


L: Logic level LOW, or ALE 
P: PSEN 
Q: Output 
Data 
R: RD signal 
T: Time 
V: Valid 
W: WR signal 
X: No longer a valid logic level 
Z: Float 


For example, 


TAVLL 
= Time from Address 
Valid to ALE Low 
TLLPL 
= Time from ALE Low to PSEN Low 


inter 


'I 
TRLRH 


AO-A7 
FROtolRI OR DPL 


TAV'/{L 
-TAVDV 


P2.0-P2.7 
OR A8-A15 
FROtolDPH 


A8-A15 
FROtolPCH 


270513-8 


inter 


SERIAL PORT TIMING - S.HIFT REGISTER 
MODE 


Test Conditions: 
TA = 
-40·C 
to 12S·C; Vcc = SV ±10%; 
Vss = OV; Load Capacitance 
= 80 pF 


12 MHz 
Variable 
Oscillator 
Symbol 
Parameter 
Oscillator 
Units 


Mln 
Max 
Mln 
Max 


TXLXL 
Serial Port Clock Cycle Time 
1 
12TCLCL 
IJ-s 


TOVXH 
Output Data Setup to Clock 
700 
1OTCLCL -133 
ns 


Rising Edge 


TXHQX 
Output Data Hold sifter 
50 
2TCLCL -117 
ns 


Clock Rising Edge 


TXHDX 
Input Data Hold After Clock 
0 
0 
ns 


Rising Edge 


TXHDV 
Clock Rising Edge to Input 
700 
1OTCLCL -133 
ns 


Data Valid 


INSTRUCTIONI 
0 
I 
1 


ALE JLJLJl. 


t-TXLXL-j 


CLOCK---l 


J-!Q:~rTXHQX 
Co 
I 
1 
I 
2 
j 
-lrTXHOX 
TXHOVr.: 


OUTPUT DATA 


t 
WRITE TO SBur 


INPUT DATA 


t 
SET 
RI 


270513-9 


Symbol 
Parameter 
Mln 
Max 
Units 


1/TCLCL 
Oscillator 
Frequency 
3.5 
12 
MHz 


TCHCX 
High Time 
20 
ns 


TCLCX 
Low Time 
20 
ns 


TCLCH 
Rise Time 
20 
ns 


TCHCL 
Fall Time 
20 
ns 


inter 


270513-11 
AC inputs during testing are driven at Vcc - 0.5V lor a Logic "1" 
and 0.5V lor a Logic "0". Timing measurements are made at VIH 
lor a Logic "1" and VOLmax lor a Logi" "0". 


TA = - 40'C 
to + 125'C 
case temperature 


VCC = 4.5 TO 5.5 V 


VREF = 4.5 TO 5.5V 


Vss = ANGND 
= OV 


The absolute 
conversion 
accur"lcy 
is dependent 
on 
the accuracy 
of the VREF. The specifications 
given 
below 
assume 
adherence 
to the 
operating 
condi- 
tions section 
of these 
data sheets. 


Resolution 
8 bits 
Accuracy 
± 112 LSB 
Differential 
nonlinearity 
± % LSEl 
Integral 
nonlinearity 
± 1 LSB 
Channel 
to channel 
matching 
± 1 LSB 
Cross talk (DC to 100 KHz) - 60 dB 


VLOAO+0.1V 
vOH-0.1 V 


v 
LOAO 
TIMING REFERENCE<=: 


.--- 
POINTS 
VLOAO-O.l V 
VOL+0. I V 


270513-12 
For timing purposes a port pin is no longer floating when a 
100 mV change from load voltage occurs. and begins to Iloat 
when a 100 mV change Irom the loaded VOHIVOL level occurs. 
IOL/10H;" ± 20 mA. 


Table 3 shows 
the logic levels for programming 
the 
Program 
Memory, 
the 
Encryption 
Table, 
and 
the 
Lock Bits and for reading 
the signature 
bytes. 


To be programmed, 
the part must be running 
with a 
4 to 6 MHz 
oscillator. 
(The 
reason 
the 
oscillator 
needs to be running 
is that the internal 
bus is being 
used to transfer 
address 
and program 
data to appro- 
priate internal 
EPROM locations.) 
The address 
of an 
EPROM 
location 
to be programmed 
is applied 
to 
Port 1 and pins P2.0 - P2.4 of Port 2, while the code 
byte to be programmed 
into that location 
is applied 
to Port O. The other 
Port 2 and 3 pins, RST PSEN, 


and EAIVPP 
should be held at the "Program" 
levels 
indicated 
in Table 
4. ALE/PROG 
is pulsed 
low to 
program 
the code 
byte into the addressed 
EPROM 
location. 
The setup is shown 
in Figure 
10. 


Mode 
RST 
PSEN 
ALEI 
EAt 
P2.7 
P2.6 
P3.6 
P3.7 
PROG 
VPP 


Program Code Data 
1 
0 
O' 
VPP 
1 
0 
1 
1 


Verify Code Data 
1 
0 
1 
1 
0 
0 
1 
1 


Program Encryption 
Table 
1 
0 
O' 
VPP 
1 
0 
0 
1 
Use Addresses 
0-:3F 


Program Lock x = 1 
1 
0 
O' 
VPP 
1 
1 
1 
1 


Bits (LBx) x = 2 
1 
0 
O' 
VPP 
1 
1 
0 
0 


Read Signature 
1 
0 
1 
1 
0 
0 
0 
0 


NOTES: 
"1" 
= Valid high for ':hat pin 


"0" 
= Valid low for that pin 


"VPP" 
= + 12.75V 
J:0.25V 


• ALE/PROG 
is pulsed 
low for 100 '"'S for programming 
(Quick-Pulse 
Programming™) 


inter 


D./Vpp 


ALE/PROG 


87C51GB 
PSEN 
0 


P2.7 
iT 
4-6t.eHz 0 I- 


L:f- 
XTAL 1 


VSS 


Normally 
EAlVpp 
is held at logic: high un-!!!...justbe- 
fore 
ALE/PROG 
is to be pulsed. 
Then 
EAlVpp 
is 
raised 
to Vpp, ALE/PROG 
is pulsed 
low, and then 
EAlVpp 
is returned 
to a valid higl, voltage. 
The volt- 
age on the EAlVpp 
pin must be at the valid EAlVpp 
high level before 
a verify 
is attempted. 
Waveforms 
and detailed 
timing specifications. 
are shown 
in later 
sections 
of this data sheet. 


Note that the EAlVpp 
pin must nJt be allowed 
to go 
above 
the 
maximum 
specified 
Vpp 
level 
for 
any 
amount of time. Even a narrow glitch above that volt- 
age level can cause 
permanent 
damage 
to the de- 
vice. The Vpp source 
should 
be well regulated 
and 
free of glitches. 


Quick-Pulse 
Programming™ 
Algorithm 


The 87C51GB 
(EPROM 
only) 
can be programmed 
using the Quick-Pulse 
Programming™ 
Algorithm 
for 
microcontrollers. 
The features 
of the new program- 
ming method 
are a lower Vpp (1::!.75V as compared 
to 21V) and a shorter 
programming 
pulse. It is possi- 
ble to program 
the entire 8K Bytes of EPROM mem- 
ory in less than 25 seconds 
with this algorithm! 


To program 
the part using the rew 
algorithm, 
Vpp 
must be 12.75V 
±0.25V. 
ALE/Pi~OG 
is pulsed 
low 
for 100 I-'-s,25 times as shown in Figure 7. Then, the 
byte 
just 
programmed 
may 
be verified. 
After 
pro- 
gramming, 
the entire 
array shou d be verified. 
The 


Program 
Lock 
features 
are programmed 
using 
the 
same method, 
but with the setup as shown 
in Table 
4. The only difference 
in programming 
Program Lock 
features 
is that the Program Lock features 
cannot 
be 
directly verified. 
Instead, verification 
of programming 
is by observing 
that their features 
are enabled. 


If 
the 
Program 
Lock 
Bits 
have 
not 
been 
pro- 
grammed, 
the on-chip 
Program 
Memory can be read 
out for verification 
purposes, 
if desired, 
either during 
or after the programming 
operation. 
The address 
of 
the Program 
Memory 
location 
to be read is applies 
to Port 1 and pins P2.0 - P2.4. The other pins should 
be held at the "Verify" 
levels 
indicated 
in Table 
4. 


The contents 
of the addressed 
locations 
will come 
out on Port O. External 
pullups 
are required 
on Port 
O. External 
pullups 
are required 
on Port 0 for this 
operation. 


If the Encryption 
Array in the EPROM 
has been pro- 


grammed, 
the data present 
at Port 0 will be Code 
Data XNOR 
Encryption 
Data. The user must 
know 
the 
Encryption 
Array 
contents 
to manually 
"unen- 
crypt" 
the data during verify. 


The setup, which is shown in Figure 8 is the same as 
for programming 
the EPROM except that pin P2.7 is 
held at a logic low, or may be used as an active-low 
read strobe. 


inter 


1 
" 
ALE/PROG:--ClJLlli-----~ 
'---'"-.. 


25 PULSES------'1 


vcc 


Pl 
PO 


RST 
!A/Vpp 


P3.6 
ALE/PROG 


87C51GB 
PSEN 


P3.7 
P2.7 


XTAL2 
P2.6 
.r 


4-6MHZOL 
XTAL1 


vSS 


Program 
Lock Bits 


" 


Logic Enabled 
LB1 
LB2 


U 
U 
No Program Lock features 
enabled. 
(Code Verify will still be 
encrypted 
by the Encryption 
Array.) 


P 
U 
MOVC instructions 
executed 
from external 
program 
memory _ 
are disabled 
from fetching 
code bytes from internal memory, 
EA 
is sampled 
and latched on reset, and further programming 
of 
the EPROM is disabled. 


P 
P 
Same as above, but Verify is also disabled. 


U 
P 
Reserved 
for Future Definition. 


inter 


The two-level 
Program 
Lock system consists 
of two 
Program 
Lock 
bits and a 32 byte Encryption 
Array 


which 
are 
used 
to 
protect 
the 
program 
memory 


against 
software 
piracy. 


Within the EPROM 
array are 64 bytes of Encryption 


Array that are initially unprogrammed 
(all 1's). Every 


time that a byte is addressed 
during a verify, 
6 ad- 


dress lines are used to select 
a byte of the Encryp- 


tion 
Array. 
This 
byte 
is 
then 
exclusive-NOR'ed 


(XNOR) 
with the code 
byte, creating 
an Encrypted 


XNOR byte. The algorithm, 
with the array in the un- 


programmed 
state (all 1's), will return the code in it's 


original, 
unmodified 
form. 


Also included 
in the EPROM 
Pro!}ram 
Lock scheme 


are two 
Program 
Lock 
bits which 
provide 
program 


Program 
Lock as shown 
in Table 4. 


Erasing 
the EPROM 
also erases 
the Encryption 
Ar- 


ray and the Program 
Lock bits, roturning 
the part to 


full functionality. 


Reading the Signature 
Bytes 


The signature 
bytes are read by the same procedure 


as a normal verification 
of locations 
030H and 031 H, 


except 
that 
P3.6 and 
P3.7 need 
to be pulled 
to a 


logic low. The values 
returned 
are: 


(030H) = 89H indicates 
manufactured 
by Intel 


(031H) = 5AH indicates 
87C51GB 
(031H) = 5BH indicates 
83C51GB 


Erasure 
of the 
EPROM 
begins 
to occur 
when 
the 


chip is exposed 
to light with wavelength 
shorter than 


approximately 
4,000 Angstroms. 
Since sunlight 
and 


fluorescent 
lighting 
have wavelengths 
in this range, 


exposure 
to these 
light 
sources 
over 
an extended 


time (about 
1 week 
in sunlight, 
or 3 years 
in room- 


level 
fluorescent 
lighting) 
could 
cause 
inadvertent 


erasure. 
If an application 
subjects 
the device 
to this 


type of exposure, 
it is suggested 
that an opaque 
la- 


bel be placed 
over the window. 


The 
recommended 
erasure 
procedure 
is exposure 


to ultraviolet 
light (at 2537 Angstroms) 
to an integrat- 


ed 
dose 
of 
at 
least 
15 W-secl cm. 
Exposing 
the 


EPROM to an ultraviolet 
lamp of 12,000 uW/cm 
rat- 


ing for 30 minutes, 
at a distance 
of about 
1 inch, 


should 
be sufficient. 


EPROM 
PROGRAMMING 
AND VERIFICATION 
CHARACTERISTICS 


(TA = 21°C to 27"C; Vcc 
= 5V ±10%; 
Vss = OV) 


Symbol 
Parameter 
Mln 
Max 
Units 


Vpp 
Programming 
Supply Voltage 
12.5 
13.0 
V 


IPP 
Programming 
Supply Current 
50 
mA 


1/TCLCL 
Oscillator 
=requency 
4 
6 
MHz 


TAVGL 
Address 
Setup to PROG Low 
48TCLCL 


TGHAX 
Address 
Hold after PROG 
48TCLCL 


TDVGL 
Data Setup to PROG Low 
48TCLCL 


TGHDX 
Data Hold after PROG 
48TCLCL 


TEHSH 
P2.7 (ENABLE) 
High to Vpp 
48TCLCL 


TSHGL 
Vpp Setup to PROG Low 
10 
IJos 


TGHSL 
Vpp Hold after PROG 
10 
IJos 


TGLGH 
PROGWicith 
95 
105 
IJos 


TAVQV 
Address 
tel Data Valid 
48TCLCL 


TELQV 
ENABLE 
Low to Data Valid 
48TCLCL 


TEHQZ 
Data Float after ENABLE 
0 
48TCLCL 


TGHGL 
PROG High to PROG Low 
10 
IJos 


inter 


PROGRAMMING 


Pl.O-Pl.7 =l ADDRESS 
S 
P2.0-P2.4 
S 


PORT 0 


TDVGl L 
TAVGl 


AlE/PROG 


TSHGlr--. 


TGlGH- 
EA/Vpp 
----.r Vpp 
---A-=·ITEH:>H 


P2.7 
TElQV1~ 
__ 


Using the Intel MCS®-51 Boolean 


Processing Capabilities 


JOHN WHARTON 
MICROCONTROLLER 
APPLICATIONS 


inter 


The Intel microcontroller 
family now has three new 


members: the Intel@ 8031, 8051, and 8751 single-chip 
microcomputers. These devices, shown in Figure I, will 
allow whole new classes of products to benefit from 
recent advances in Integrated Electronics. Thanks to 
Intel's new HMOS technology, they provide larger pro- 
gram and data memory spaces, more flexible I/O and 
peripheral capabilities, greater spc::ed,and lower system 
cost than any previous-generation single-chip micro- 
computer. 


Pl.O 
- 
- 
YCC 


Pl.l- 
- 
PO.O 


Pl.2- 
- 
PO.l 


P1.3 
- 
- 
PO.2 


P1.4 
- 
- 
PO.3 


Pl.S 
- 
- 
PO.4 


Pl.6 
- 
- 
PO.S 


Pl.7 
- 
- 
PO.6 


RST 
- 
- 
PO.7 


P3.0IRXD 
- 
- 
YPP/EA 


P3.1fTXD 
- 
- 
Jlmm/ALE 


P3.2/iN'TO - 
- 
PSEN 


P3.3/INTI 
- 
-P2.7 


P3.4/TO 
- 
- 
P2.6 


P3.SfTI 
- 
- 
P2.S 


P3.6/WR 
- 
- 
P2.4 


P3.7/RD 
- 
- 
P2.3 


XTAL2 - 
- 
P2.2 


XTALI 
- 
- 
P2.1 


YSS 
- 
- 
P2.0 


Table 1 summarizes the quantitative 
differences be- 


tween the members of the MCS@-48and 8051 families. 
The 8751 contains 4K bytes of EPROM program mem- 
ory fabricated on-chip, while the 8051 replaces the 
EPROM 
with 
4K 
bytes 
of 
lower-cost 
mask- 


programmed ROM. The 8031 has no program memory 
on-chip; instead, it accesses up to 64K bytes of program 
memory from external memory. Otherwise, the three 
new family members are identical. Throughout 
this 


Note, the term "8051" will represent all members of the 
8051 Family, unless specifically stated otherwise. 


The CPU in each microcomputer is one of the indus- 
try's fastest and most efficient for numerical calcula- 
tions on byte operands. But controllers often deal with 
bits, not bytes: in the real world, switch contacts can 
only be open or closed, indicators should be either lit or 
dark, motors are either turned on or off, and so forth. 
For such control situations the most significant aspect 
of the MCS@-51 architecture is its complete hardware 
support for· one-bit, or Boolean 
variables (named in 


honor of Mathematician George Boole) as a separate 
data type. 


The 8051 incorporates 
a number of special features 


which support the direct manipulation and testing of 
individual bits and allow the use of single-bit variables 
in performing logical operations. Taken together, these 
features are referred to as the MCS-51 Boolean 
Proces- 
sor. While the bit-processing capabilities alone would be 
adequate to solve many control applications, their true 
power comes when they are used in conjunction with 
the microcomputer's byte-processing and numerical ca- 
pabilities. 


Many concepts embodied by the Boolean Processor will 
certainly be new even to experienced microcomputer 
system designers. The purpose of this Application Note 
is to explain these concepts and show how they are 
used. 


For detailed information on these parts refer to the 
Intel 
Microcontroller 
Handbook, 
order 
number 


210918. The instruction set, assembly language, and use 
of the 8051 assembler (ASM51) are further described in 
the MCS@·Sl Macro Assembler User's Guide for DOS 
Systems, order number 122753. 


EPROM 
ROM 
External 
Program 
Data 
Instr. 
Input/ 
Program 
Program 
Prognlm 
Memory 
Memory 
Cycle 
Output 
Interrupt 
Reg. 


Memory 
Memory 
Memory 
(Int/Max) 
(Bytes) 
Time 
Pins 
Sources 
Banks 


8748 
8048 
8035 
1K4K 
64 
2.5/Ls 
27 
2 
2 
- 
8049 
8039 
2K4K 
128 
1.36/Ls 
27 
2 
2 
8751 
8051 
8031 
4K64K 
128 
1.0/Ls 
32 
5 
4 


2.0 
BOOLEAN 
PROCESSOR 
OPERATION 


The Boolean Processing capabilities of the 8051 are 
based on concepts which have been around for some 
time. Digital computer systems of widely varying de- 
signs all have four functional elements in common (Fig- 
ure 2): 


• a central processor (CPU) with the control, timing, 


and logic circuits needed to exe,;ute stored instruc- 
tions: 


• a memory to store the sequence of instructions mak- 


ing up a program or algorithm: 


• data memory to store variable!; used by the pro- 
gram: 
and 


• some means of communicating 
with the outside 


world. 


The CPU usually includes one or more accumulators or 
special registers for computing or storing values during 
program 
execution. 
The instruction 
set of such a 


processor generally includes, at a minimum, operation 
classes to perform arithmetic or logical functions on 
program variables, move variables from one place to 
another, cause program execution to jump or condi- 
tionally branch based on register or variable states, and 
instructions to call and return from subroutines. The 
program and data memory function, sometimes share a 
single memory space, but this is not always the case. 
When the address spaces are separated, program and 
data memory need not even have the same basic word 
width. 


A digital computer's 
flexibility comes in part from 


combining simple fast operations to produce more com- 


CENTRAL 
PROCESSING 
UNIT 


plex (albeit slower) ones, which in turn link together 
eventually solving the problem at hand. A four-bit CPU 
executing multiple precision subroutines can, for exam- 
ple, perform 64-bit addition and subtraction. The sub- 
routines could in turn be building blocks for floating- 
point multiplication and division routines. Eventually, 
the four-bit CPU can simulate a far more complex "vir- 
tual" machine. 


In fact, any digital computer with the above four func- 
tional elements can (given time) complete any algo- 
rithm (though the proverbial room full of chimpanzees 
at word processors might first re-create Shakespeare's 
classics and this Application Note)! This fact offers lit- 
tle consolation to product designers who want pro- 
grams to run as quickly as possible. By definition, a 
real-time 
control 
algorithm 
must 
proceed 
quickly 


enough to meet the preordained speed constraints of 
other equipment. 


One of the factors determining how long it will take a 
microcomputer to complete a given chore is the num- 
ber of instructions it must execute. What makes a given 
computer architecture particularly well- or poorly-suit- 
ed for a class of problems is how well its instruction set 
matches the tasks to be performed. The better the 
"primitive" operations correspond to the steps taken by 
the control algorithm, the lower the number of instruc- 
tions needed, and the quicker the program will run. All 
else being equal, a CPU supporting 64-bit arithmetic 
directly could clearly perform floating-point math fast- 
er than a machine bogged-down by multiple-precision 
subroutines. In the same way, direct support for bit 
manipulation 
naturally 
leads to more efficient pro- 


grams handling the binary input and output conditions 
inherent in digital control problems. 


INPUTI 
OUTPUT 
PORTS 


inter 


The introduction stated that the 8051's bit-handling ca- 
pabilities alone would be sufficient to solve some con- 
trol applications. Let's see how the four basic elements 
of a digital computer-a 
CPU with associated registers, 
program memory, addressable da.ta RAM, and I/O ca- 
pability-relate 
to Boolean variables. 


cpo. The 8051 CPU incorporates special logic devoted 
to executing several bit-wide operations. All told, there 
are 17 such instructions, 
all li!,ted in Table 2. Not 
shown are 94 other (mostly byte-oriented) 8051 instruc- 
tions. 


Program 
Memory. 
Bit-processing 
instructions 
are 
fetched from the same program memory as other arith- 
metic and logical operations. In addition to the instruc- 


Table 2. MCS-51TMBoolean 
Processing 
Instructil>n Subset 
Mnemonic 
Description 
Byte 
eyc 
SETB C 
Set Carry flag 
1 
1 
SETB bit 
Set direct Bit 
2 
1 
CLR 
C 
Clear Carry flag 
1 
1 
CLR 
bit 
Clear direct bit 
2 
1 
CPL 
C 
Complement Carry flag 
1 
1 
CPL 
bit 
Complement direct bit 
2 
1 


MOV C.bit 
Move direct bitto Carry flag 
2 
1 
MOV bit.C 
Move Carry flag to direct bit 
2 
2 


ANL 
C.bit 
ANDdirect bit to CGJryflag 
2 
2 
ANL 
C.bit 
ANDcomplement of direct 
2 
2 
bit to Carry flag 
ORL 
C.bit 
OR direct bitto Carry flag 
2 
2 
ORL 
C.bit 
OR complement of jirect 
2 
2 
bitto Carry flag 


JC 
rei 
Jump ifCarry is flag is set 
2 
2 
JNC 
rei 
Jump ifNo Carry fla,~ 
2 
2 
JB 
bit.rel Jump ifdirect Bitset 
3 
2 
JNB 
bit.rel Jump ifdirect BitNot set 
3 
2 
JBC 
bit.rel Jump ifdirect Bitis !;et & 
3 
2 
Clear bit 


Address mode abbreviations 


C-Carry flag. 
bit-128 
software flags, any I/O pn, control or status 
bit. 
rei-Ail conditional jumps include an 8-bit offset byte. 
Range is + 127 - 128 bytes relative to first byte of the 
following instruction. 


tions of Table 2, several sophisticated program control 
features like multiple addressing modes, subroutine 
nesting, and a two-level interrupt structure are useful in 
structuring Boolean Processor-based programs. 


Boolean instructions are one, two, or three bytes long, 
depending on what function they perform. Those in- 
volving only the carry flag have either a single-byte 
opcode or an opcode followed by a conditional-branch 
destination byte (Figure 3a). The more general instruc- 
tions add a "direct address" byte after the opcode to 
specify the bit affected, yielding two or three byte en- 
codings (Figure 3b). Though this format allows poten- 
tially 256 directly addressable bit locations, not all of 
them are implemented in the 8051 family. 


SETBC 
CLRC 
CPLC 


I displacement 
I 


JC 
JNC 


opcode I I bit address 


SETB 
CLR 
CPL 
ANLC, 
ANLC,! 
ORLC, 
ORLC,! 


MOVC, 
MOV 


bit 
bit 
bit 
bit 
bit 
bit 
bit 
bit 
bit,C 


opcode 
I I 
bit address 
I displacement 
I 


JB 
bit, 
rei 


JNB 
bit, 
rei 
JBC 
bit, 
rei 


Ol,.cl 
811 Add' ••••• 
Hardwlre 
RAM 
8~1. 
R.gl.t., 
8yt. 
(MS8) 
(LS8) 
Add, ••• 
(MS8) 
(LS8) 
Symbol 


7FH~ 
~ 


OFFH 


OFOH 
F7 I F6 I F5 I F4 I 
F3 I F2 I Fl I FO 
8 


2FH 
7F 
7E 
70 
7C 
78 
7A 
79 
76 


2EH 
77 
76 
75 
74 
73 
72 
71 
70 
OEOH 
E7 I E6 
1 E5 I E4 I E3 I E2 I El I EO 
ACC 


20H 
6F 
6E 
60 
6C 
68 
5A 
69 
58 


2CH 
67 
66 
65 
64 
63 
62 
61 
60 
OOOH 
07 I 06 I 05 
1 04 I 03 I 02 I 01 
1 00 
PSW 


28H 
SF 
5E 
50 
5C 
58 
;A 
59 
58 


2AH 
57 
56 
55 
54 
53 
;2 
51 
50 
088H 
- I - I - I 8C I 88 I 8A I 89 I 88 
IP 


29H 
4F 
4E 
40 
4C 
48 
·lA 
49 
48 


26H 
47 
46 
45 
44 
43 
12 
41 
40 
080H 
87 I 86 
1 85 I 84 
1 83 
1 82 I 81 I 80 
P3 


27H 
3F 
3E 
30 
3C 
38 
:IA 
39 
38 


26H 
37 
36 
35 
34 
33 
:12 
31 
30 
OA8H 
AF I - I - I AC I A8 I AA I A9 I A8 
IE 


25H 
2F 
2E 
20 
2C 
28 
:!A 
29 
28 


24H 
27 
26 
25 
24 
23 
:12 
21 
20 
OAOH 
A7 
1 A6 I A5 I A4 I A3 I A2 
1 Al 
1 AO 
P2 


23H 
IF 
IE 
10 
lC 
18 
\A 
19 
16 


22H 
17 
16 
15 
14 
13 
'12 
11 
10 
98H 
9F I 9E I 90 I 9C I 98 I 9A I 99 196 
SCON 


21H 
OF 
OE 
00 
OC 
08 
('A 
09 
06 


20H 
07 
06 
05 
04 
03 
1I2 
01 
00 
90H 
97196195194193192191190 
PI 


lFH 


18H 
Bank 3 


17H 
88H 
8F I 8E 
180 18e I 68 
1 8A I 89 188 
TCON 
lOH 
8ank 
2 


OFH 


OBH 
Sank 1 


07H 
80H 
87 
1 86 
I 85 
1 64 I 83 
I 
82 
I 61 
180 
PO 
00 
Sink 0 


203830-3 


a.) RAM Bit Addresses 
b.) Special Function 
Register 
Bit Addresses 


Data Memory. The instructions 
in Figure 
3b can oper- 


ate directly 
upon 
144 general purpo:;e bits forming 
the 
Boolean 
processor 
"RAM." 
These bits can be used as 


software flags or to store program 
variables. Two oper- 


and instructions 
use the CPU's 
carry 
flag ("C") 
as a 


special one-bit register: in a sense, the carry is a "Boole- 
an accumulator" 
for logical operaticns 
and data trans- 


fers. 


Input/Output. 
All 32 I/O pins can be addressed 
as indi- 
vidual 
inputs, 
outputs, 
or both, 
in any combination. 


Any pin can be a control 
strobe 
output, 
status 
(Test) 


input, or serial I/O 
link implemented 
via software. 
An 


additional 
33 individually 
addressable 
bits reconfigure, 


control, 
and monitor 
the status of the CPU and all on- 


chip peripheral 
functions 
(timer 
counters, 
serial port 


modes, interrupt 
logic, and so forth). 


inter 


(MSB) 
(lSB) 


~~ 


Symbol 
Position 
Name anel Significance 


CY 
PSW.7 
Carry flag. 
Set/ cleare,d 
by 
hardware 
or 


software 
during 
certain 
arith- 
metic and logical 
instructions. 


AC 
PSW.6 
Auxiliary Carry flag. 
Set/cleared 
by hardware 
dur- 


ing addition 
or subtraction 
in- 
structions 
to indicate 
carry 
or 
borrow 
out of bit 3. 


FO 
PSW.5 
Flag O. 
Set/ cleared/tested 
by 
soft- 


ware 
as a user-defined 
status 


flag. 


RS1 
PSW.4 
Register 
bank 
Select 
control 
bits. 


RSO 
PSW.3 
1 & O. Set/cleared 
by software 


to 
determine 
working 
register 
bank (see I\Iote). 


Figure 5. PSW-Program 
Status Word Organization 


Overflow 
flag. 


Set/cleared 
by hardware 
dur- 


ing 
arithmetic 
instructions 
to 


indicate 
overflow 
conditions. 


(reserved) 


Parity flag. 
Set/ cleared 
by hardware 
each 


instruction 
cycle to indicate 
an 


odd/even 
number 
of 
"one" 


bits 
in the 
accumulator, 
i.e., 


even parity. 


the 
contents 
of 
(RS1, 
RSO) 


enable 
the 
working 
register 


banks as follows: 
(0,0) - Bank 0 
(OOH-07H) 


(0,1) - Bank 1 
(08H-OFH) 


(1,0) - Bank 2 
(10H-17H) 


(1,1)-Bank3 
(18H-1FH) 


PSW.1 


PSW.O 


(MSB) 
(lSB) 


~INTO 
I TXD 
I RXD I 


Symbol 
Position 
Name and Significance 


RD 
P3.7 
Read data control 
output. 


Active 
low pulse generated 
by 


hardware 
when 
external 
data 


memory 
is read. 


WR 
P3.6 
Write data control 
output. 


Active 
low pulse generated 
by 


hardware 
when 
external 
data 


memory 
is written. 


T1 
P3.5 
Timer/counter 
1 external 
input 


or test pin. 


TO 
P3.4 
Timer/counter 
0 external 
input 


or test pin. 


FiSlure 6. P3-Alternate 
110 Functions 
of Port 3 


The most significant 
bit of the direct 
address 
byte se- 


lects one of two groups 
of bits. Values between 0 and 


127 (OOHand 7FH) define bits in a block of 32 bytes of 
on-chip RAM, between RAM add.:esses 20H and 2FH 
(Figure 4a). They are numbered 
coasecutively 
from the 


lowest-order 
byte's 
lowest-order 
bit through 
the high- 


est-order 
byte's highest-order 
bit. 


INT1 
P3.3 
Interrupt 
1 input pin. 


Low-level 
or falling-edge 
trig- 


gered. 


INTO 
P3.2 
Interrupt 
0 input pin. 


Low-level 
or falling-edge 
trig- 


gered. 


TXD 
P3.1 
Transmit 
Data 
pin 
for 
serial 


port in UART mode. Clock out- 
put in shift register 
mode. 


RXD 
P3.0 
Receive 
Data 
pin 
for 
serial 


port in UART 
mode. 
Data I/O 


pin in shift register 
mode. 


Bit addresses 
between 
128 and 255 (80H 
and OFFH) 


correspond 
to bits in a number 
of special 
registers, 


mostly used for I/O or peripheral 
control. 
These posi- 
tions are numbered 
with a different scheme than RAM: 


the five high-order 
address bits match those of the reg- 


ister's own address. while the three low-order 
bits iden- 
tify the bit position within that register 
(Figure 4b). 


Notice the column labeled "Symbo]" in Figure 5. Bits 
with special meanings in the PSW and other registers 
have corresponding symbolic names. General-purpose 
(as opposed to carry-specific) instructions may access 
the carry like any other bit by using the mnemonic CY 
in place of C, PO, PI, P2, and P3 ,are the 8051's four 
I/O ports: secondary functions assigned to each of the 
eight pins of P3 are shown in Figure 6. 


Figure 7 shows the last four bit addressable registers. 
TCON (Timer Control) and SCON (Serial port Con- 
trol) control and monitor the corresponding peripher- 
als, while IE (Interrupt Enable) and IP (Interrupt Pri- 
ority) enable and prioritize the five hardware interrupt 
sources. Like the reserved hardware register addresses, 


the five bits not implemented in IE and IP should not 
be accessed: they can not be used as software flags. 


Addressable 
Register 
Set. There are 20 special function 


registers in the 8051, but the advantages of bit address- 
ing only relate to the 11 described below. Five poten- 
tially bit-addressable register addresses (OCOH,OC8H, 
OD8H, OE8H, & OF8H) are being reserved for possible 
future 
expansion 
in microcomputers 
based on the 


MCS-51 architecture. Reading or writing non-existent 
registers in the 8051 series is pointless, and may cause 
unpredictable results. Byte-wide logical operations can 
be used to manipulate bits in all non-bit 
addressable 


registers and RAM. 


(MSS) 
(lSS) 
IE1 
TCON.3 Interrupt1 Edgeflag. 
I TF1 I TR1 I TFOI TRO[!!~ 
Set by hardware when exter- 
nal interrupt edge detected. 
Symbol Position Nameand Significance 
Cleared when interrupt pro- 
TF1 
TCON.? Timer1oVE.rflowFlag. 
cessed. 
Set by hnrdware on timer/ 
IT1 
TCON.2 Interrupt1Typecontrolbit. 


counter 
overflow. 
Cleared 
Set/cleared by software to 
when interruptprocessed. 
specify falling edge/low level 
TR1 
TCON.6 Timer1 Runcontrolbit. 
triggeredexternalinterrupts. 
Set/cleared by softwareto turn 
IEO 
TCON.1 Interrupt0 Edgeflag. 
timer/counter on/off. 
Set by hardwarewhen exter- 
TFO 
TCON.S Timer0 overflowFlag. 
nal interrupt edge detected. 
Set by hardware on timer/Cleared 
when interrupt pro- 
counter 
overflow. 
Cleared 
cessed. 
when interruptprocessed. 
ITO 
TCON.O Interrupt0 Typecontrolbit. 


TRO 
TCON.4 Timer0 Runcontrolbit. 
Set/cleared by software to 
Set/cleared by softwareto turn 
specify falling edge/low level 
timer/counter on/off. 
triggeredexternalinterrupts. 


a.)l"CON- Timer/Counter Control/Status Register 


(MSS) 
(lSS) 
I SMOI SM1 I SM21 REN[!~ Rssl 
TII RII 


Symbol Position Nameand Significance 
SMO 
SCON.? Serialport Modecontrolbit O. 
Set/cleared by software (see 
note). 


SM1 
SCON.6 Serialport Modecontrolbit 1. 
Set/cleared by software (see 
note). 
SM2 
SCON.S Serialport Modecontrolbit 2. 
Set by software to disable re- 
ception of framesfor which bit 
8 is zero. 
REN 
SCON.4 ReceiverEnablecontrolbit. 


Set/clearedby softwareto en- 
able/disableserial data recep- 
tion. 
TB8 
SCON.3 TransmitBit8. 
Set/clearedby hardwareto de- 
termine statl;!of ninth data bit 
transmitted 
in 
9-bit 
UART 
mode. 


SCON.2 ReceiveBit8. 
Set/cleared by hardwareto in- 
dicate state of ninth data bit 
received. 


SCON.1 TransmitInterruptflag. 


Set by hardware when byte 
transmitted. Cleared by soft- 
ware after servicing. 


SCON.OReceiveInterruptflag. 


Set by hardwarewhenbyte re- 
ceived. Cleared by software 
after servicing. 


Note- 
the stateof (SMO,SM1) 
selects: 
(O,O)-8hift registerI/O 
expansion. 
(0,1)-8-bit UART,variable 
datarate. 


(1,0)-9-bit UART,fixeddata 
rate. 
(1,1)-9-bit UART,variable 
datarate. 


b.) SCON-Serlal Port Control/Status Register 


Figure 7. Peripheral Configuration Registers 


Enable Serial port control bit. 
Set! cleared by software to en- 
able/disable 
interrupts from TI 
or AI flags. 


Enable Timer 1 control bit. 
Set!cleared 
by software to en- 


able/ disable 
interrupts 
from 


timer/counter 
1. 
c.) IE-Interrupt 
Enable Register 


(MSB) 
(LSB) 
~~I 
ET11 
EXol 


Symbol 
Position 
Name and SllJnificance 


EA 
IE? 
Enable All control bit. 
Cleared by software to disable 
all 
interrupts, 
independent 
of 
the state of IEA-IEO. 


(reserved) 
IE6 
IE5 


lEA 


Enable 
External 
interrupt 
1 


control 
bit. 
Set/cleared 
by 
software to enable/ disable in- 
terrupts from INT1. 


Enable Timer 0 control bit. 
Set! cleared by software to en- 
able/disable 
interrupts 
from 


timer/counter 
O. 


Enable 
External 
interrupt 
0 


control 
bit. 
Set! cleared 
by 


software to enable/disable 
in- 


terrupts from INTO. 


(MSB) 
(LSB) 


~~ 


Symbol 
Position 
Name and SISlniflcance 
PX1 
IP.2 
External 
interrupt 
1 
Priority 


IP.? 
(reserved) 
control 
bit. 
Set/cleared 
by 


IP.6 
(reserved) 
software 
to specify 
high/low 


IP.5 
(reserved) 
priority interrupts for INT1. 


PS 
IPA 
Serial port Priority control bit. 
PTO 
IP.1 
Timer 0 Priority control bit. 


Set! cleared 
:>y software 
to 
Set! cleared 
by 
software 
to 


specify 
high/IJW 
priority inter- 
specify high/low 
priority inter- 
rupts for Serial port. 
rupts for timer/counter 
O. 


PT1 
IP.3 
Timer 1 Prioritl/ control bit. 
PXO 
IP.O 
External 
interrupt 
0 
Priority 


Set! cleared 
by 
software 
to 
control 
bit. 
Set! cleared 
by 


specify 
high/IIJW priority inter- 
software 
to specify 
high/low 
rupts for timer Icounter 1. 
priority interrupts for INTO. 


d.) IP-Interrupt 
Priority 
Control 
Register 


Figure 7. Peripheral 
Configuration 
Registers 
(Continued) 


The accumulator and B registers (A and B) are normal- 
ly involved in byte-wide arithmetic, but their individual 
bits can also be used as 16 general software flags. Add- 
ed with the 128 flags in RAM, this gives 144 general 
purpose variables for bit-intensive p.rograms. The pro- 
gram status word (PSW) in Figure :i is a collection of 
flags and machine status bits including the carry flag 
itself. Byte operations acting on the PSW can therefore 
affect the carry. 


Having looked at the bit variables available to the Boo- 
lean Processor, we will now look at the four classes of 


instructions that manipulate these bits. It may be help- 
ful to refer back to Table 2 while reading this section. 


State Control. Addressable bits or flags may be set, 
cleared, or logically complemented in one instruction 
cycle with the two-byte instructions SETB, CLR, and 
CPL. (The "B" affixed to SETB distinguishes it from 
the assembler "SET" directive used for symbol defini- 
tion.) SETB and CLR are analogous to loading a bit 
with a constant: 1 or O.Single byte versions perform the 
same three operations on the carry. 


The MCS-5l assembly language specifies a bit address 
in any of three ways: 


• by a number or expression corresponding to the di- 


rect bit address (0-255): 


inter 


• by the name or address of the register containing the 


bit. the dot operator symbol (a period: ••.••). and the 
bit's position in the register ('1-0): 


• in the case of control and status registers. by the 


predefined assembler symbols listed in the first col- 
umns of Figures 5-7. 


Bits may also be given user-defined names with the as- 
sembler "BIT" directive and any of the above tech- 
niques. For example, bit 5 of the PSW may be cleared 
by any of the four instructions. 


USR_FLG 
BIT 
PSW.5 
User Symbol Definition 


CLR 
OD5H 
Absc,lute Addressing 


CLR 
PSW.5 
Use of Dot Operator 
CLR 
FO 
Pre-,Defined Assembler 
Symbol 


CLR 
USR_FLG 
User'-Defined Symbol 


Data 
Transfers. 
The two-byte MOY instructions can 


transport any addressable bit to the carry in one cycle, 
or copy the carry to the bit in two cycles, A bit can be 
moved between two arbitrary locations via the carry by 
combining the two instructions. (lifnecessary. push and 
pop the PSW to preserve the pn:vious contents of the 
carry.) These instructions can replace the multi-instruc- 
tion sequence of Figure 8, a prog::am structure appear- 
ing in controller applications whenever flags or outputs 
are conditionally switched on or off, 


ISOLATE 
SOURCE 
BIT 


SET 
DESTINATION 
BIT 


CLEAR 
DESTINATION 
BIT 


Logical 
Operations. 
Four instructions perform the logi- 


cal-AND and logical-OR operations between the carry 
and another bit. and leave the results in the carry. The 
instruction mnemonics are ANL and ORL; the absence 
or presence of a slash mark (••/") 
before the source 


operand indicates whether to use the positive-logic val- 
ue or the logical complement of the addressed bit. (The 
source operand itself is never affected.) 


Bit-test 
Instructions. 
The conditional jump instructions 
"JC reI" (Jump on Carry) and "JNC reI" (Jump on 
Not Carry) test the state of the carry flag. branching if 
it is a one or zero. respectively. (The letters "reI" de- 
note relative code addressing.) The three-byte instruc- 
tions "JB bit.rei" and "JNB bit.rel" (Jump on Bit and 
Jump on Not Bit) test the state of any addressable bit in 
a similar manner'. A fifth instruction 
combines the 


Jump on Bit and Clear operations. "JBC bit.rel" condi- 
tionally branches to the indicated address, then clears 
the bit in the same two cycle instruction. This operation 
is the same as the MCS-48 "JTF" instructions. 


All 8051 conditional jump instructions use program 
counter-relative addressing. and all execute in two cy- 
cles. The last instruction byte encodes a signed dis- 
placement ranging from -128 
to + 127. During execu- 


tion, the CPU adds this value to the incremented pro- 
gram counter to produce the jump destination. Put an- 
other way, a conditional jump to the immediately fol- 
lowing instruction would encode DOH in the offset byte. 


A section of program or subroutine written using only 
relative jumps to nearby addresses will have the same 
machine code independent of the code's location. An 
assembled routine may be repositioned anywhere in 
memory. even crossing memory page boundaries, with- 
out having to modify the program or recompute desti- 
nation addresses. To facilitate this flexibility, there is an 
unconditional "Short Jump" (SJMP) which uses rela- 
tive addressing as well. Since a programmer would have 
quite a chore trying to compute relative offset values 
from one instruction to another. ASM51 automatically 
computes the displacement needed given only the desti- 
nation address or label. An error message will alert the 
programmer if the destination is "out of range." 


The so-called "Bit Test" instructions implemented on 
many other microprocessors simply perform the logi- 
cal-AND operation between a byte variable and a con- 
stant mask, and set or clear a zero flag depending on 
the result. This is essentially equivalent to the 8051 
"MOY C.bit" instruction. A second instruction is then 
needed to conditionally branch based on the state of the 
zero flag. This does not constitute abstract bit-address- 
ing in the MCS-51 sense. A flag exists only as a field 


within 
a register: 
to reference 
a bit the 
programmer 
must know and specify both the encompassing 
register 


and the bit's 
position 
therein. 
This constraint 
severely 
limits 
the flexibility 
of symbolic 
bit addressing 
and re- 
duces 
the machine's 
code-efficiency 
and speed. 


Interaction 
with Other Instructions. 
The 
carry 
flag is 


also affected 
by the instructions 
listed in Table 3. It can 
be rotated 
through 
the accumulator, 
and 
altered 
as a 


side effect of arithmetic 
instructions. 
Refer 
to the Us- 


er's Manual 
for details 
on how these instructions 
oper- 


ate. 


By combining 
general 
purpose 
bit operations 
with cer- 


tain 
addressable 
bits, 
one can 
"custom 
build" 
several 
hundred 
useful 
instructions. 
All eight bits of the PSW 


can 
be tested 
directly 
with 
conditional 
jump 
instruc- 
tions to monitor 
(among 
other 
things) 
parity 
and over- 


flow status. 
Programmers 
can 
takl: advantage 
of 128 


software 
flags 
to keep 
track 
of orerating 
modes, 
re- 


source 
usage, and so forth. 


The 
Boolean 
instructions 
are 
also 
the 
most 
efficient 


way to control 
or reconfigure 
peripheral 
and 110 regis- 


ters. All 32 I/O 
lines become 
"test 
pins," 
for example, 


tested by conditional 
jump instructions. 
Any output 
pin 


can be toggled 
(complemented) 
in a single instruction 


cycle. Setting 
or clearing 
the Timer 
Run flags (TRO and 


TR1) 
turn 
the 
timer/counters 
on 
or off; polling 
the 


same 
flags elsewhere 
lets the 
program 
determine 
if a 


timer 
is running. 
The 
respective 
o',erflow 
flags 
(TFO 


and TFI) 
can be tested 
to determine 
when the desired 
period 
or count has elapsed, 
then cleared 
in preparation 
for the next repetition. 
(For the record, 
these bits are all 


part 
of the TCON 
register, 
Figure 
7a. Thanks 
to sym- 


bolic bit addressing, 
the programmer 
only needs to re- 


member 
the mnemonic 
associated 
with each 
function. 


In other 
words, 
don't 
bother 
memorizing 
control 
word 


layouts.) 


In the 
MCS-48 
family, 
instruction~ 
corresponding 
to 


some 
of the 
above 
functions 
requif<~ specific 
opcodes. 
Ten 
different 
opcodes 
serve 
to clear 
complement 
the 


software 
flags 
FO and 
Fl, 
enable/disable 
each 
inter- 


rupt, 
and start/stop 
the timer. 
In th.e 8051 instruction 


set, just three opcodes 
(SETB, 
CLR, 
CPL) with a direct 


bit address 
appended 
perform 
the same functions. 
Two 


test instructions 
(JB and JNB) 
can be combined 
with 


bit addresses 
to test the software 
flags, 
the 
8048 I/O 


pins TO, Tl, 
and INT, 
and the eight accumulator 
bits, 


replacing 
15 more different 
instructions. 


Table 
4a shows 
how 
8051 
programs 
implement 
soft- 


ware 
flag 
and 
machine 
control 
fu.nctions 
associated 


with 
special 
opcodes 
in the 
8048. 
In every 
case 
the 
MCS-51 
solution 
requires 
the same number 
of machine 


cycles, 
and executes 
2.5 times faster. 


Table 3. Other Instructions 
Affecting 
the Carry Flag 


Mnemonic 
Description 
Byte 
eyc 


ADD 
A,Rn 
Add register to 
1 
1 


Accumulator 
ADD 
A,direct 
Add direct byte to 
2 
Accumulator 


ADD 
A,@Ri 
Add indirect RAM to 
Accumulator 
ADD 
A,#data 
Add immediate data 
2 
to Accumulator 
ADDC A,Rn 
Add register to 
Accumulator with 
Carry flag 
ADDC A,direct 
Add direct byte to 
2 


Accumulator with 
Carry flag 
ADDC A,@Ri 
Add indirect RAM to 
Accumulator with 
Carry flag 
ADDC A,#data 
Add immediate data 
2 
to Acc with Carry flag 
SUBB 
A,Rn 
Subtract register from 
Accumulator with 
borrow 
SUBB 
A,direct 
Subtract direct byte 
2 
from Acc with borrow 
SUBB 
A,@Ri 
Subtract indirect RAM 
from Acc with borrow 
SUBB 
A,#data 
Subtract immediate 
2 
data from Acc with 
borrow 
MUL 
AB 
MultiplyA & B 
4 


DIV 
AB 
Divide A by B 
4 


DA 
A 
Decimal Adjust 
1 


Accumulator 


RLC 
A 
Rotate Accumulator 
Left through the Carry 
flag 
RRC 
A 
Rotate Accumulator 
Right through Carry 
flag 


CJNE 
A,direct.rel 
Compare direct byte 
3 
2 
to Acc & Jump ifNot 
Equal 
CJNE 
A,#data.rel 
Compare immediate 
3 
2 


to Acc & Jump ifNot 
Equal 
CJNE 
Rn, # data. rei 
Compare immed to 
3 
2 


register & Jump if Not 
Equal 
CJNE 
@Ri,#data.rel 
Compare immed to 
3 
2 


indirect & Jump ifNot 
Equal 


All mnemonics 
copyrighted 
© Intel Corporation 
1980. 


8048 
Bytl!s 
Cycles 
JLSec 
8x51 
Bytes 
Cycles 
& JLSec 
Instruction 
Instruction 


Flag Control 
CLR 
C 
1 
1 
2.5 
CLR 
C 
1 
1 
CPL 
FO 
1 
1 
2.5 
CPL 
FO 
2 
1 


Flag Testing 
JNC 
offset 
2 
2 
5.0 
JNC 
rei 
2 
2 
JFO 
offset 
2 
2 
5.0 
JS 
FO.rel 
3 
2 
JS7 
offset 
2 
2 
5.0 
JS 
ACC.7.rel 
3 
2 


Peripheral 
Polling 
JTO 
offset 
2 
2 
5.0 
JS 
TO.rel 
3 
2 
JN1 
offset 
2 
2 
5.0 
JNS 
INTO.rel 
3 
2 
JTF 
offset 
2 
2 
5.0 
JSC 
TFO.rel 
3 
2 


Machine 
and Peripheral 
Control 
STRT 
T 
1 
1 
2.5 
SETS 
TRO 
2 
1 
EN 
1 
1 
1 
2.5 
SETS 
EXO 
2 
1 
DIS 
TCNT1 
1 
1 
2.5 
CLR 
ETO 
2 
1 


8048 
Bytes 
Cycles 
JLSec 
8051 
Bytes 
Cycles 
& JLSec 
Instruction 
Instruction 


Flag Control 
Set carry 
CLR 
C 
SETS 
C 
CPL 
C 
= 
2 
2 
5.0 
1 
1 


Set Software 
Flag 
CLR 
FO 
CPL 
FO 
= 
2 
2 
5.0 
SETS 
FO 
2 
1 


Turn Off Output Pin 
ANL 
P1.#OFSH 
= 
2 
2 
5.0 
CLR 
P1.2 
2 
1 


Complement 
Output Pin 


IN 
A.P1 
XRL 
A.#04H 
OUTL 
P1.A 
= 
4 
6 
15.0 
CPL 
P1.2 
2 
1 


Clear Flag in RAM 
MOV 
RO.#FLGADR 
MOV 
A.@RO 
ANL 
A.#FLGMASK 
MOV 
@RO.A 
= 
6 
6 
15.0 
CLR 
USER 
FLG 
2 
1 


inter 


8048 
Bytes 
Cycles 
fLSec 
8x51 
Bytes 
Cycles & fLSec 
Instruction 
Instruction 


Flag Testing: 
Jump if Software 
Flag is 0 
JFO 
$+4 
JMP 
offset 
= 
4 
4 
10.0 
JNB 
FO.rel 
3 
2 


Jump 
if Accumulator 
bit is 0 
CPL 
A 
JB7 
offset 
CPL 
A 
= 
4 
4 
10.0 
JNB 
ACC.7.rel 
3 
2 


Peripheral 
Polling 
Test if Input Pin is Grounded 
IN 
A.P1 
CPL 
A 
JB3 
offset 
= 
4 
5 
12.5 
JNB 
P1.3.rel 
3 
2 


Test if Interrupt 
Pin is High 
JN1 
$+4 
JMP 
offset 
= 
4 
4 
10.0 
JB 
INTO.rel 
3 
2 


3.0 
BOOLEAN 
PROCESSOR 
APPLICATIONS 


Qualitatively, 
nothing. 
All the same capabilities 
could 
be (and 
often 
have been) implemented 
on other 
ma- 
chines using awkward 
sequences 
of other basic opera- 
tions. 
As mentioned 
earlier, 
any CPU 
can solve any 
problem 
given enough time. 


Quantitatively, 
the differences 
between 
a solution 
al- 
lowed by the 8051 and those required 
by previous 
ar- 
chitectures 
are numerous. 
What the 8051 Family buys 
you is a faster, 
cleaner, 
lower-cost 
solution 
to micro- 
controller 
applications. 


The opcode 
space freed by condensing 
many 
specific 
8048 instructions 
into a few general operations 
has been 
used to add new functionality 
to the MCS-51 architec- 
ture-both 
for byte and bit operations. 
144 software 
flags replace the 8048's two. These flags (and the carry) 
may be directly set, not just cleared and complemented, 
and all can be tested for either state, not just one. Oper- 
ating 
mode 
bits previously 
inaccessible 
may be read, 
tested, or saved. Situations 
where the 8051 instruction 
set provides 
new capabilities 
are cor,trasted 
with 8048 
instruction 
sequences in Table 4b. H,:re the 8051 speed 
advantage 
ranges from 5x to 15x! 


Combining 
Boolean 
and 
byte-wide 
instructions 
can 
produce 
great synergy. 
An MCS-51 based application 
will prove to be: 


• simpler 
to write 
since 
the 
architecture 
correlates 


more closely with the problems 
being solved: 


• easier to debug because more individual 
instructions 
have no unexpected 
or undesirable 
side-effects: 


• 
more byte efficient due to direct bit addressing 
and 
program 
counter 
relative branching: 


• 
faster 
running 
because 
fewer bytes 
of instruction 
need to be fetched and fewer conditional 
jumps 
are 
processed: 


• 
lower cost because of the high level of system-inte- 
gration 
within one component. 


These rather 
unabashed 
claims of excellence 
shall not 
go unsubstantiated. 
The rest of this chapter 
examines 


less trivial 
tasks simplified 
by the Boolean 
processor. 


The 
first three 
compare 
the 
8051 with 
other 
micro- 
processors; 
the last two go into 805 I-based system de- 
signs in much greater depth. 


First off, we'll use the bit-transfer 
instructions 
to per- 
mute a lengthy pattern 
of bits. 


A steadily increasing number of data communication 
products use encoding methods to protect the security 
of sensitive information. 
By law, interstate financial 
transactions involving the Feder2.lbanking system must 
be transmitted 
using the Federal 
Information 
Pro- 
cessing Data Encryption Standard (DES). 


Basically, the DES combines eight bytes of "plaintext" 
data (in binary, ASCII, or any other format) with a 56- 
bit "key", producing a 64-bit encrypted value for trans- 
mission. At the receiving end the same algorithm is 
applied to the incoming data using the same key, repro- 
ducing the original eight byte message. The algorithm 
used for these permutations is fixed; different user-de- 
fined keys ensure data privacy. 


It is not the purpose of this note 1:0 describe the DES in 
any detail. Suffice it to say that .:ncryption/decryption 
is a long, iterative process consisting of rotations, exclu- 
sive -OR operations, function table look-ups, and an 
extensive (and quite bizarre) sequence of bit permuta- 
tion, packing, and unpacking steps. (For further details 
refer to the June 21, 1979 issue of Electronics maga- 
zine.) The bit manipulation steps are included, it is ru- 
mored, to impede a general purpose digital supercom- 
puter trying to "break" the code. Any algorithm imple- 
menting 
the DES with previous generation 
micro- 
processors would spend virtually all of its time diddling 
bits. 


The bit manipulation performed is typified by the Key 
Schedule Calculation represented in Figure 9. This step 
is repeated 16 times for each key used in the course of a 
transmission. In essence, a seven-byte, 56-bit "Shifted 
Key Buffer" is transformed into an eight-byte, "Permu- 
tation Buffer" without altering ':he shifted Key. The 
arrows in Figure 9 indicate a f,:w of the translation 
steps. Only six bits of each byt.: of the Permutation 
Buffer are used; the two high-orde:r bits of each byte are 
cleared, This means only 48 of the:56 Shifted Key Buff- 
er bits are used in anyone iteratbn. 


Different microprocessor architectures would best im- 
plement this type of permutation 
in different ways. 


Most approaches would share the steps of Figure lOa: 


• Initialize the Permutation 
Buffer to default state 
(ones or zeroes): 
• Isolate the state of a bit of a byte from the Key 
Buffer. Depending on the CPU, this might be ac- 
complished by rotating a word of the Key Buffer 
through a carry flag or testing a bit in memory or an 
accumulator against a mask byte: 
• Perform a conditional jump based on the carry or 
zero flag if the Permutation Buffer default state is 
correct: 
• Otherwise reverse the corr~sponding bit in the per- 
mutation buffer with logical operations and mask 
bytes, 


Each step above may require several instructions. The 
last three steps must be repeated for all 48 bits, Most 
microprocessors would spend 300 to 3,000 microsec- 
onds on each of the 16 iterations. 


Notice, though, that this flow chart looks a lot like 
Figure 8. The Boolean Processor can permute bits by 
simply moving them from the source to the carry to the 
destination-a 
total of two instructions 
taking four 
bytes and three microseconds per bit. Assume the Shift- 
ed Key Buffer and Permutation Buffer both reside in 
bit-addressable RAM, with the bits of the former as- 
signed symbolic names SKB_l, 
SKB_2, 
... 
SKB_ 
56, and that the bytes of the latter are named PB_l, 
... 
PB_8. 
Then working from Figure 9, the software 
for the permutation algorithm would be that of Exam- 
ple la. The total routine length would be 192 bytes, 
requiring 144 microseconds. 


intJ 


SET PEFIMUTATION 
BUFFER liT 
Pl:2~) 


(LEAVE 
PERMUTATION 
BUFFER liT 
CLEARED) 


REPEAT 
FOR 
EACH 
B'TOF 
SHIFTED 
KEY 
BUFFER 
I" 
TIMES) 


inter 


~) 
BIT MAPPED 
ONTO 
BIT 5 OF 


L:~UTATION 
BYTE INTO 
CARRY 


~OTATE 
LEFT INTO 
ACC. 


~)TATE 
LEFT 
INTO 
ACC. 


~TATE 
LEFT 
INTO ACC. 


~E 
ACC. 
INTO 
PERMUTATION 
L::ER 


REPEAT 
FOR EACH 
BYTE OF 
PERMUTATION 
BUFFER 
(8 TIMES) 


The algorithm of Figure lOb is jus!: slightly more effi- 
cient in this time-critical application and illustrates the 
synergy of an integrated byte and bit processor. The 
bits needed for each byte of the Per:rnutation Buffer are 
assimilated by loading each bit into the carry (I IJ-s.) 
and shifting it into the accumulator (I IJ-s.).Each byte 
is stored in RAM when complet(:d. Forty-eight bits 
thus need a total of 112instructions, some of which are 
listed in Example lb. 


Worst-case execution time would be: 112 microseconds, 
since each instruction 
takes a single cycle. Routine 
length would also decrease, to 168 bytes. (Actually, in 
the context of the complete encryption algorithm, each 
permuted byte would be processed as soon as it is as- 
similated-saving 
memory and cutting execution time 
by another 8 IJ-s.) 


To date, most banking terminals anLdother systems us- 
ing the DES have needed special l:oards or peripheral 
controller chips just for the encryption/decryption 
pro- 
cess, and still more hardware to fonn a serial bit stream 
for transmission (Figure 11a). An 8051 solution could 
pack most of the entire system onto the one chip (Fig- 
ure lIb). The whole DES algorithm would require less 
than one-fourth of the on-chip pro,~am memory, with 
the remaining bytes free for operating the banking ter- 
minal (or whatever) itself. 


Moreover, since transmission and reception of data is 
performed through 
the on-board UART, 
the unen- 
crypted data (plaintext) never even exists outside the 
microcomputer! Naturally, this would afford a high de- 
gree of security from data intercepl:ion. 


Example I. DES Key Permutation Software. 


a.) "Brute Force" technique 


MOV 
C,SKB_l 
MOV 
PB_l.l,C 
MOV 
C,SKB_2 
MOV 
PB_4.0,C 
MOV 
C,SKB_3 
MOV 
PB_2.5,C 
MOV 
C,SKB_4 
MOV 
PB_l.0,C 


MOV 
C,SKB_55 
MOV 
PB_5.0,C 
MOV 
C,SKB_56 
MOV 
PB_7.2,C 


CLR 
A 
MOV 
C,SKB_14 
RLC 
A 
MOV 
C,SKB_17 
RLC 
A 
MOV 
C,SKB_ll 
RLC 
A 
MOV 
C,SKB_24 
RLC 
A 
MOV 
C,SKB_l 
RLC 
A 
MOV 
C,SKB_5 
RLC 
A 
MOV 
PB_l,A 


MOV 
C,SKB_29 
RLC 
A 
MOV 
C,SKB_32 
RLC 
A 
MOV 
PB_8,A 


inter 
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a.) UBlng 
Multl-Chlp 
Processor 
Technology 


b.) Using 
One 
Slngl8-Chlp 
Microcomputer 


Figure 
11. Secure 
Banking 
Terminal 
Block 
Diagram 


Design Example #2-5oftware 
Serial 110 


An exercise often imposed on beginning microcomput- 
er students is to write a program ~iimulatinga UART. 
Though doing this with the 8051Family may appear to 
be a moot point (given that the hardware for a full 
UART is on-chip), it is still instn~ctive to see how it 
would be done, and maintains a product line tradition. 


As it turns out, the 8051microcomputers can receiveor 
transmit serial data via software very efficiently using 
the Boolean instruction set. Sinceany I/O pin may be a 
serial input or output, several serial links could be 
maintained at once. 


Figures 12a and 12b show algorithms for receiving or 
transmitting a byte of data. (Another section of pro- 
gram would invoke this algorithm eight times, synchro- 
nizing it with a start bit, clock signal, software delay, or 
timer interrupt.) Data is received by testing an input 
pin, setting the carry to the same state, shifting the 
carry into a data buffer, and saving the partial frame in 
internal RAM. Data is transmitted by shifting an out- 
put buffer through the carry, and generating each bit 
on an output pin. 


A side-by-sidecomparison of the software for this com- 
mon "bit-banging" application with three different mi- 
croprocessor architectures is shown in Table 5a and 5b. 
The 8051 solution is more efficient than the others on 
every count! 


inter 


PIN = 1 
cl:=J 


Cj~RRY 
= 0 
$ 


b.) Transmission 


Figure 12.Serial 110 Algorithms 


inter 


Table 5. Serial I/O Programs 
for Various 
Microprocessors 


1'1 
A'\;I 
.IZ 
CMC 
10: 
I XI 
MOV 
RR 
MOV 


,FRPOR 
I 
MASK 
10 


RFSlIl TS: 


X I"STRITTIO'S 
14 RVHS 
l~ S rAl ES 
19 uSEe. 


I XI 
MOV 
RR 
MOV 
I" 
.IC 


10. 
A'" 
.IMP 
HI: 
ORI 
CNT: OliT 


M.A 
SERPORT 


.11 
'lOT 
MASK 
C'IT 
MASK 


SFRPORT 


RESlII.TS: 


10lNSTitUCTIONS 
20 BVTE, 
72 STATES 
24 uSEe. 


Design Example # 3-Cclmbinatorial 
Logic Equations 


JC 
A"I 
.IMP 
HI· 
ORI 
C'"' 


Next we'll look at some simple uses for bit-test instruc- 
tions and logical operations. 
(This example is also pre- 
sented in Application 
Note AP-69.) 


Virtually 
all hardware 
designers 
have solved complex 
functions 
using combinatorial 
lo!~c. While 
the hard- 
ware 
involved 
may 
vary 
from 
relay 
logic, 
vacuum 
tubes, or TTL or to more esoteric technologies 
like flu- 
idics, in each case the goal is the s.lme: to solve a prob- 
lem represented 
by a logical function of several Boolean 
variables. 


C1R 
J'\;m 
CPI 
MOV 
MOV 
RRC 
MOV 


C 
10 
C 
RO.RSFRRlll- 
A.@RO 


A 
@RO.A 


7 I"S I RI TTIO'lS 
9 RVI FS 
9 CVCUS 
22.5 uSFC 


8048 


MOV 
MOV 
RRC 
MOV 


RO.·SERRlI! 
A.@RO 


A 
@RO.A 


HI 
SERPRT.'''OT 
MASK 
C"T 
SERPRT:.MASK 


X II\Sl 
RUCTIONS 
'-' BVTES 
II CVCI ES 
27.l uSEe. 


MOV 
A.SERRUF 
RRC 
A 
MOV 
SERRlI!.A 


41"STRIICTI0'S 
7 RVTES 
4 CVCUS 
4 uSFC 


MOV 
A.SFRRI'F 
RRC 
A 
MOV 
SERR!'F.A 


4 INSTRUCTIONS 
7 BVTES 
l CVCIES 
l uSEe. 


Figure 
13 shows TTL and relay logic diagrams 
for a 
function 
of the six variables 
U through 
Z. Each 
is a 
solution 
of the equation. 


Equations 
of this sort 
might 
be reduced 
using 
Kar- 
naugh Maps or algebraic techniques, 
but that is not the 
purpose 
of this example. 
As the logic complexity 
in- 


creases, so does the difficulty 
of the reduction 
process. 
Even a minor change to the function 
equations 
as the 
design evolves would require tedious re-reduction 
from 
scratch. 


inter 


x 
-- 


y 
-- 


Q = (U· (V + W)) + (X. Y) + Z 
a.) Using TTL 


b.) Using Relay Logic 


Figure 13. Hardware 
Implementations 
of Boolean 
Functions 


For 
the sake of comparison 
we will implement 
this 


function 
three 
ways, restricting 
the software 
to three 


proper 
subsets of the MCS-51 instruction 
set. We will 


also assume that U and V are inpUl: pins from different 
input ports, Wand 
X are status bits for two peripheral 


controllers, 
and Y and Z are software flags set up earli- 


er in the 
program. 
The 
end result 
must 
be written 


to an output pin on some third port. The first two im- 
plementations 
follow the flow-chart 
shown 
in Figure 


14. Program 
flow would embark 
on a route 
down 
a 


test-and-branch 
tree and leaves either 
the "True" 
or 
"Not 
True" 
exit ASAP-as 
soon as the proper 
result 


has been determined. 
These exits then rewrite the out- 


put port with the result bit respectively 
one or zero. 


inter 


Figure 14. Flow Chl:lr1 for 
Tree-Branching 
Algl)rlthm 


Other digital computers must solve equations of this 
type with standard word-wide logi,;a) instructions and 
conditional jumps. So for the first implementation, we 
won't use any generalized bit-addressing instructions. 
As we shall soon see, being constn.ined to such an in- 
struction subset produces somewhat sloppy software 
solutions. MCS-51 mnemonics are used in Example 2a: 
other machines might further cloud the situation by 
requiring operation-specific mnemonics like INPUT, 
OUTPUT, LOAD, STORE, etc., instead of the MOV 
mnemonic used for all variable transfers in the 8051 
instruction set. 


The code which results is cumbersome and error prone. 
It would be difficult to prove whether the software 
worked for all input combinations in programs of this 
sort. Furthermore, execution time will vary widely with 
input data. 


Thanks to the direct bit-test operations, a single in- 
struction can replace each move mask conditional jump 
sequence in Example 2a, but the algorithm would be 
equally convoluted (see Example 2b). To lessen the 
confusion "a bit" each input variable is assigned a sym- 
bolic name. 


A more elegant and efficient implementation (Example 
2c) strings together the Boolean ANL and ORL func- 
tions to generate the output function with straight-line 
code. When finished, the carry flag contains the result, 
which is simply copied out to the destination pin. No 
flow chart is needed--code can be written directly from 
the logic diagrams in Figure 14. The result is simplicity 
itself: fast, flexible, reliable, easy to design, and easy to 
debug. 


An 8051 program can simulate an N-input AND or 
OR gate with at most N + 1 lines of source program- 
one for each input and one line to store the results. To 
simulate NAND and NOR gates, complement the car- 
ry after computing the function. When some inputs to 
the gate have "inversion bubbles", perform the ANL or 
ORL operation on inverted operands. When the first 
input is inverted, either load the operand into the carry 
and then complement it, or use DeMorgan's Theorem 
to convert the gate to a different form. 


Example 2. Software Solutions to Logic Function of 
Figure 13. 


a.) Using only byte-wide logical instructions 
:BFUNCI 
SOLVE 
RANDOM 
LOGIC 


FUNCTION 
OF 
6 
VARIABLES 


BY 
LOADING 
AND 
MASKING 


THE 
APPROPRIATE 
BITS 
IN 


THE 
ACCUMULATOR. 
THEN 


EXECUTING 
CONDITIONAL 


JUMPS 
BASED 
ON 
ZERO 


CONDITION. 
(APPROACH USED 


BY 
BYTE-ORIENTED 
ARCHITECTURES.) 
BYTE 
AND 


MASK 
VALUES 
CORRESPOND 
TO 


RESPECTIVE 
BYTE 
ADDRESS 


AND 
BIT 
POSITIONS. 


OUTBUF 
DATA 22H 
;OUTPUT PIN STATE MAP 


inter 


TESTV: 
MOV 
A,P2 
ANL 
A,#OOOOOlOI)B 
JNZ 
TESTU 
MOV 
A,TCON 
ANL 
A,#OOlOOOOOB 
JZ 
TESTX 
TESTU: 
MOV 
A,Pl 
ANL 
A,#OOOOOOlOB 
JNZ 
SETQ 
TESTX: 
MOV 
A,TCON 
ANL 
A,#OOOOlOOOB 
JZ 
TESTZ 
MOV 
A,20H 
ANL 
A,#OOOOOOOlB 
JZ 
SETQ 


TESTZ: 
MOV 
A,2lH 
ANL 
A,#OOOOOOlDB 
JZ 
SETQ 


CLRQ: 
MOV 
A,OUTBUF 
ANL 
A,#llllOlllB 
JMP 
OUTQ 
SETQ: 
MOV 
A,OUTBUF 
ORL 
A,#OOOOlOODB 
OUTQ: 
MOV 
OUTBUF,A 
MOV 
P3,A 


b.) Using only bit-test instructions 
:BFUNC2 
SOLVE 
A 
RANDOM 
LOGIC 
FUNCTION 
OF 
6 
VARIABLES 
BY 
DIRECTLY 
POLLING 
EACH 
BIT. 
(APPROACH USING 
MCS-5l 
UNIQUE 
BIT-TEST 
INSTRUCTION 
CAPABILITY.l 
SYMBOLS 
USED 
IN 
LOGIC 
DIAGRAM 
ASSIG~IED TO 
CORRESPONDING 
8x5l 
BIT 
ADDRESSES. 


U 
BIT 
Pl.l 
V 
BIT 
P2.2 
W 
BIT 
TFO 
X 
BIT 
IEl 
Y 
BIT 
20H.O 
Z 
BIT 
2lH.l 
Q 
BIT 
P3.3 


TEST_V: JB 
V,TEST_U 
JNB 
W,TEST_X 
TEST_U: JB 
U,SET_Q 
TEST_X: JNB 
X,TEST_Z 
JNB 
Y,SET_Q 
TEST_Z: JNB 
Z,SET_Q 
CLR_Q: 
CLR 
Q 
JMP 
NXTTST 
SET_Q: 
SETB 
Q 
NXTTST:(CONTlNUATION OF 
:PROGRAMl 


c.) Using logical operations on Boolean variables 
:FUNC3 
SOLVE 
A 
RANDOM 
LOGIC 


FUNCTION 
OF 
6 
VARIABLES 


USING 
STRAIGHT__LINE 


LOGICAL 
INSTRUCTIONS 
ON 


MCS-5l 
BOOLEAN 
VARIABLES. 
, 
MOV C,V 
ORL C,W 
ANL C,U 
MOV FO,C 
MOV C,X 
ANL C,Y 
ORL C,FO 
ORL C,Z 


;OUTPUT OF OR GATE 
;OUTPUT OF TOP AND GATE 
;SAVE INTERMEDIATE STATE 


;OUTPUT OF BOTTOM AND GATE 
;INCLUDE VALUE SAVED ABOVE 
;INCLUDE LAST INPUT 
;VARIABLE 
;OUTPUT COMPUTED RESULT 


An upper-limit can be placed on the complexity of soft- 
ware to simulate a large number of gates by summing 
the total number of inputs and outputs. The actual total 
should be somewhat shorter, since calculations can be 
"chained," as shown. The output of one gate is often 
the first input to another, bypassing the intermediate 
variable to eliminate two lines of !:ource. 


Design Example # 4-Automotive 
Dashboard 
Functions 


Now let's apply these techniques to designing the soft- 
ware for a complete controller system. This application 
is patterned 
after a familiar real-world application 


which isn't nearly as trivial as it might first appear: 
automobile turn signals. 


Imagine the three position turn lever on the steering 
column as a single-pole, triple-throw toggle switch. In 
its central position all contacts are open. In the up or 
down positions contacts close causing corresponding 
lights in the rear of the car to blink. So far very simple. 


Two more turn signals blink in the front of the car, and 
two others in the dashboard. All six bulbs flash when 
an emergency switch is closed. A thermo-mechanical 
relay (accessible under the dashboard in case it wears 
out) causes the blinking. 


Applying the brake pedal turns the taillight 
filaments 


on constantly ... 
unless a turn is in progress, in which 


case the blinking tail light is not affected. (Of course, 
the front turn signals and dashboard indicators are not 
affected by the brake pedal.) Table 6 summarizes these 
operating modes. 


Input SIgn811s 
Output Signals 


Brake 
Emerg. 
Left 
Right 
Left 
Right 
Left 
Right 
'Tum 
Turn 
Front 
Front 
Switch 
Switch 
Switch 
Switch 
& Dash 
& Dash 
Rear 
Rear 


0 
0 
0 
0 
Off 
Off 
Off 
Off 


0 
0 
0 
1 
Off 
Blink 
Off 
Blink 


0 
0 
1 
0 
Blink 
Off 
Blink 
Off 


0 
1 
0 
0 
Blink 
Blink 
Blink 
Blink 


0 
1 
0 
1 
Blink 
Blink 
Blink 
Blink 


0 
1 
1 
0 
Blink 
Blink 
Blink 
Blink. 


1 
0 
0 
0 
Off 
Off 
On 
On 


1 
0 
0 
1 
Off 
Blink 
On 
Blink 


1 
0 
1 
0 
Blink 
Off 
Blink 
On 


1 
1 
0 
0 
Blink 
Blink 
On 
On 
1 
1 
0 
1 
Blink 
Blink 
On 
Blink 


1 
1 
1 
0 
Blink 
Blink 
Blink 
On 


(but not the dashboard) bulbs has a second, somewhat 
dimmer filament for the parking lights. Figure 
15 


shows TIL circuitry which could control all six bulbs. 
The signals labeled "High Freq." and "Low Freq." rep- 
resent two square-wave inputs. Baliically, when one of 
the turn switches is closed or the emergency switch is 
activated the low frequency signal (about I Hz) is gated 
through to the appropriate dashboard indicator(s) and 
turn signal(s). The rear signals are also activated when 
the brake pedal is depressed provided a turn is not be- 
ing made in the same direction. When the parking light 
switch is closed the higher frequency oscillator is gated 
to each front and rear turn signal, sustaining a low-in- 
tensity background level. (This is to eliminate the need 
for additional parking light ftIaments.) 


In most cars, the switching logic to generate these func- 
tions requires a number of multiple-throw contacts. As 
many as 18 conductors thread the steering column of 
some automobiles solely for turn-si,gnal and emergency 
blinker functions. (The author discovered this recently 
to his astonishment 
and dismay when replacing the 


whole assembly because of one burned contact.) 


A multiple-conductor wiring harness runs to each cor- 
ner of the car, behind the dash, up the steering column, 
and down to the blinker relay below. Connectors at 


LO. 


FREQ. 


OSCILLATOR 


and labor during construction, 
lower reliability and 


safety, and more costly repairs. And considering the 
system's present complexity, increasing its reliability or 
detecting failures would be quite difficult. 


There are two reasons for going into such painful detail 
describing this example. First, to show that the messiest 
part of many system designs is determining what the 
controller should do. Writing the software to solve 
these functions will be comparatively easy. Secondly, to 
show the many potential failure points in the system. 
Later we'll see how the peripheral functions and intelli- 
gence built into a microcomputer (with a little creativi- 
ty) can greatly reduce external interconnections 
and 


mechanical part count. 


The circuit shown in Figure 16 indicates five input pins 
to the five input variables-left-turn 
select, right-turn 


select, brake pedal down, emergency switch on, and 
parking lights on. Six output pins turn on the front, 
rear, and dashboard indicators for each side. The mi- 
crocomputer implements all logical functions through 
software, which periodically updates the output signals 
as time elapses and input conditions change. 


HI. 
FREQ. 
OSCILLATOR 


EMEIIGENCY 
SWITCH 


PUKING 
LIGHTS 


Design Example 
# 3 demonstrated that symbolic ad- 
dressing with user-defined bit names makes code and 
documentation easier to write and maintain. Accord- 
ingly, we'll assign these I/O 
pins names for use 


throughout the program. (The format of this example 
will differ somewhat from the others. Segments of the 
overall program will be presented in sequence as each is 
described.) 


INPUT 
PIN 
DECLilRATIONS: 


; (ALL 
INPUTS 
ARE POSITIVE-TRUE 
LOGIC) 


BRAKE 
BIT 
Pl.O 
;BRAKE 
PEDAL 


;DEPRESSED 
EMERG 
BIT 
Pl.l 
;EMERGI~NCY BLINKER 
;ACTIVJlTED 
PARK 
BIT 
Pl.2 
;PARKiliG 
LIGHTS 
ON 


I_TURN 
BIT 
Pl.3 
;TURN l~VER 
DOWN 


R_TURN 
BIT 
Pl.4 
;TURN 1.EVER UP 


I_FRNT 
BIT 
Pl.5 
;FRONT 
LEFT-TURN 
;INDICATOR 


R_FRNT 
BIT 
Pl.6 
;FRONT 
RIGHT-TURN 
;INDICUOR 


I_DASH 
BIT 
Pl.7 
;DASHBOARD LEFT-TURN 
;INDICATOR 


R_DASH 
BIT 
P2.0 
;DASHBOARD RIGHT- 
;TURN 
INDICATOR 


I_REAR 
BIT 
P2.1 
;REAR 
LEFT-TURN 


;INDICATOR 


R_REAR 
BIT 
P2.2 
;REAR 
RIGHT-TURN 


;INDICATOR 


Another key advantage of symbolic addressing will ap- 
pear further on in the design cycle. The locations of 
cable connectors, signal conditioning circuitry, voltage 
regulators, heat sinks, and the like all affect P.C. board 
layout. It's quite likely that the somewhat arbitrary pin 
assignment defined early in the software design cycle 
will prove to be less than optimum; rearranging the I/O 
pin assignment could well allow a more compact mod- 
ule, or eliminate costly jumpers on a single-sided board. 
(These considerations apply especially to automotive 
and other cost-sensitive applications needing single- 
chip controllers.) Since other architectures mask bytes 
or use "clever" algorithms to isolate bits by rotating 
them into the carry, re-routing an input signal (from bit 
I of port I, for example, to bit 4 of port 3) could require 
extensive modifications throughout the software. 


The Boolean Processor's direct bit addressing makes 
such changes absolutely trivial. The number of the port 
containing the pin is irrelevent, and masks and complex 


program structures 
are not needed. Only the initial 
Boolean variable declarations 
nl:ed to be changed; 
ASM5l automatically adjusts all addresses and symbol- 
ic references to the reassigned vllriables. The user is 
assured that no additional debugging or software verifi- 
cation will be required. 


;INTERRUPT RATE SUBDIVIDER 
SUB_DIV 
DATA 
20H 


;HIGH-FREQUENCY OSCILLATOR BIT 
HLFREQ 
BIT 
SUB.•DIV,O 


;LOW-FREQUENCYOSCILLATOR BIT 
LO_FREQ 
BIT 
SUB__DIV, 7 


ORG 
INIT 


ORG 
100H 


;PUT TIMER 0 IN MODE1 
INIT; 
MOV 
TMOIl,#OOOOOOOlB 


;INITIALIZE 
TIMER REGIs'rERS 
MOV 
TLO.#O 
MOV 
THO.#-16 


;SUBDIVIDE INTERRUPT RATE BY 244 
MOV 
SUB_.DIV,#244 


;ENABLE TIMER INTERRUPTS 
SETB 
ETO 


;GLOBALLYENABLE ALL IN:rERRUPTS 
SETB 
EA 


;START TIMER 
SETB 
TRO 


;(CONTINUE WITH BACKGROUNDPROGRAM) 


;PUT TIMER 0 IN MODE1 
;INITIALIZE 
TIMER REGIs~rERS 


;SUBDIVIDE INTERRUPT RA\~E BY 244 
;ENABLE TIMER INTERRUPTS 
;GLOBALLYENABLE ALL INURRUPTS 
;START TIMER 


Timer 0 (one of the two on-chip timer counters) re- 
places the thermo-mechanical blinker relay in the dash- 
board controller. During system initialization it is con- 
figured as a timer in mode 1 by setting the least signifi- 
cant bit of the timer mode register (TMOD). In this 
configuration the low-order byte (TLO) is incremented 
every machine cycle, overflowing and incrementing the 
high-order byte (THO) every 256 J.Lil. Timer interrupt 0 
is enabled so that a hardware interrupt will occur each 
time THO overflows. 


An eight-bit variable in the bit-addressable RAM array 
will be needed to funher subdivide: the interrupts via 
software. The lowest-order bit of this counter toggles 
very fast to modulate the parking .lights: bit 7 will be 


"tuned" to approximately 1 Hz for the turn- and emer- 
gency-indicator blinking rate. 


Loading THO with -16 will cause an interrupt 
after 


4.096 ms. The interrupt 
service routine reloads the 


high-order byte of timer 0 for the next interval, saves 
the CPU registers likely to be affected on the stack, and 
then 
decrements 
SUB_DIY. 
Loading 
SUB_DIY. 


with 244 initially and each time it decrements to zero 
will produce a 0.999 second period for the highest-or- 
der bit. 


ORG 
OOOBH 
;TIMER 0 SERVICE VECTOR 


MOV THO,#-16 
PUSH PSW 
PUSH ACC 
PUSH B 
DJNZ SUB_DIV,TOSERV 
MOV SUB_DIV,#244 


The code to sample inputs, perform calculations, and 
update outputs-the 
real "meat" of the signal control- 


ler algorithm-may 
be performed either as part of the 


interrupt 
service routine or as part of a background 


program loop. The only concern is that it must be exe- 
cuted at least serveral dozen times per second to pre- 
vent parking light flickering. We will assume the for- 
mer case, and insert the code into the timer 0 service 
routine. 


First, notice from the logic diagram (Figure 15) that 
the subterm (pARK • H_FREQ), 
asserted when the 


parking lights are to be on dimly, figures into four of 
the six output functions. Accordingly, 
we will first 


compute that term and save it in a temporary location 
named "DIM". The PSW contains two general purpose 
flags: FO, which corresponds to the 8048 flag of the 
same name, and PSW.1. Since the PSW has been saved 
and will be restored to its previous state after servicing 
the interrupt, we can use either bit for temporary stor- 
age. 


PSW.1 
;DECLARE TEMP 
;STORAGE FLAG 


;GATE PARKING 
;LIGHT SWITCH 
;WITH HIGH 
;FREQUENCY 
;SIGNAL 
;AND SAVE IN 
;TEMP. VARIABLE 


This simple three-line section of code illustrates a re- 
markable point. The software indicates in very abstract 
terms exactly what function is being performed, inde- 


inter 


pendent 
of the 
hardware 
configuration. 
The 
fact that 


these 
three 
bits 
include 
an input 
pin, 
a bit within 
a 


program 
variable, 
and 
a software 
flag in the 
PSW 
is 


totally 
invisible 
to the programmer. 


Now 
generate 
and output 
the d.lShboard 
left turn 
sig- 
nal. 


MOV C,L_TURN 
;SE1 
CARRY IF 
;TUJi.N 
ORL C,EMERG 
;OR EMERGENCY 
;SEIECTED 
ANL C,LO_FREQ 
;GATE 
IN 
1 HZ 
;SIGNAL 
MOV LDASH,C 
;AND OUTPUT 
TO 
;DASHBOARD 


To generate 
the left front 
turn 
signal 
we only need to 


add the parking 
light function 
in JFO.But notice that the 


function 
in the carry 
will also be needed 
for the rear 


signal. 
We can 
save effort 
later 
by saving 
its current 


state in FO. 


MOV FO,C 
;SAV:e: FUNCTION 
;SO 
:&'AR 
~ 
. 


ORL C,DIM 
;ADD IN 
PARKING 
;LIGHT 
FUNCTION 


MOV L_FRNT,C 
;AND OUTPUT 
TO 
;TURN 
SIGNAL 


Finally, 
the rear left turn signal should 
also be on when 
the brake 
pedal is depressed, 
pro~ided 
a left turn is not 


in progress. 


MOV C,BRAKE 


ANL C,L_TURN 


ORL C,FO 


;GATE 
BllAKE 
;PEDAL 
HWITCH 
;WITH 
TURN 


;LEVER 
;INCLUm: 
TEMP. 


;VARIABI,E 
FROM DASH 


;AND PARKING 
;LIGHT 
FUNCTION 
;AND OUTPUT 
TO 
;TURN 
SIGNAL 


Now we have to go through 
a similar 
sequence 
for the 


right-hand 
equivalents 
to all the left-turn 
lights. 
This 


also gives us a chance 
to see how 
the code 
segments 


above look when combined. 


MOV C.R_TURN 
;SET 
CARRY H- 


;TURN 
ORL C.EMERG 
;OR EMERGENCY 
;SELECTED 
ANL C,LO_FREQ 
;IF 
SO. 
GATE IN 1 


;HZ 
SIGNAL 
MOV R_DASH.C 
;AND OUTPUT 
TO 


;DASHBOARD 
MOV FO.C 
;SAVE 
FUNCTION 


;SO 
FAR 
ORL C.DIM 
;ADD IN 
PARKING 
;LIGHT 
FUNCTION 


MOV R_FRNT.C 
;AND OUTPUT 
TO 


;TURN 
SIGNAL 


MOV C.BRAKE 
;GATE 
BRAKE 
;PEDAL 
SWITCH 


ANL C. 
R_TURN 
;WITH 
TURN 
;LEVER 
ORL C.FO 
;INCLUDE 
TEMP. 


;VARIABLE 
FROM 


;DASH 
ORL C.DIM 
;AND PARKING 
;LIGHT 
FUNCTION 


MOV R_REAR.C 
;AND OUTPUT 
TO 


;TURN 
SIGNAL 


(The 
perceptive 
reader 
may 
notice 
that 
simply 
rear- 


ranging 
the steps could 
eliminate 
one instruction 
from 


each sequence.) 


Now that all six bulbs are in the proper 
states, 
we can 


return 
from 
the interrupt 
routine, 
and the program 
is 


finished. 
This 
code 
essentially 
needs 
to 
reverse 
the 


status 
saving steps at the beginning 
of the interrupt. 


Sub_DIY 
Bits 
Duty Cycles 


7 
6 
5 
4 
3 
2 
1 
0 
12.5% 
25.0% 
37.5% 
50.0% 
62.5% 
75.0% 
87.5% 


X 
X 
X 
X 
X 
0 
0 
0 
Off 
Off 
Off 
Off 
Off 
Off 
Off 
X 
X 
X 
X 
X 
0 
0 
1 
Off 
Off 
Off 
Off 
Off 
Off 
On 
X 
X 
X 
X 
X 
0 
1 
0 
Off 
Off 
Off 
Off 
Off 
On 
On 
X 
X 
X 
X 
X 
0 
1 
1 
Off 
Off 
Off 
Off 
On 
On 
On 
X 
X 
X 
X 
X 
1 
0 
0 
Off 
Off 
Off 
On 
On 
On 
On 
X 
X 
X 
X 
X 
1 
0 
1 
Off 
Off 
On 
On 
On 
On 
On 
X 
X 
X 
X 
X 
1 
1 
0 
Off 
On 
On 
On 
On 
On 
On 
X 
X 
X 
X 
X 
1 
1 
1 
On 
On 
On 
On 
On 
On 
On 


;RESTORE CPU 
;REGISTERS. 
POP ACC 
POP PSW 
RETI 


Program Refinements. The lumine!,cence of an incan- 
descent light bulb filament is generally non-linear: the 
50% duty cycle of HI_FREQ 
may not produce the 
desired intensity. If the application requires, duty cy- 
cles of 25%,75%, 
etc. are easily achieved by ANDing 
and ORing in additional low-order bits of SUB_DIY. 
For example, 30 H/ signals of seven different duty cy- 
cles could be produced by considering bits 2-0 as 
'Shown in Table 7. The only software change required 
would be to the code which sets-up variable DIM; 


MOV C,SUB_DIV.l;START 
WITH 50 
;PERCENT 
ANL C,SUB_DIV.O;MASK 
DOWN TO 25 
;PERCENT 
ORL C,SUB_DIV.2;AND 
BUILD BACK TO 
;62 PERCENT 
MOV DIM,C 
;DUTY CYCLE FOR 
;PARKING LIGHTS. 


Interconnections increase cost and decrease reliability. 
The simple buffered pin-per-function circuit in Figure 
16 is insufficient when many outputs require higher- 
than-TTL drive levels. A lower-cost solution uses the 
8051 serial port in the shift-registe:r mode to augment 
I/O. In mode 0, writing a byte to the serial port data 
buffer (SBUF) causes the data to be output sequentially 
through the "RXD" 
pin while a burst of eight clock 
pulses is generated on the "TXD" pin. A shift register 
connected to these pins (Figure 17) will load the data 
byte as it is shifted out. A number of special peripheral 


driver circuits combining shift-register inputs with high 
drive level outputs have been introduced recently. 


Cascading multiple shift registers end-to-end will ex- 
pand the number of outputs even further. The data rate 
in the I/O expansion mode is one megabaud, or 8 fJos. 
per byte. This is the mode which the serial port defaults 
to following a reset, so no initialization is required. 


The software for this technique uses the B register as a 
"map" corresponding to the different output functions. 
The program manipulates these bits instead of the out- 
put pins. After all functions have been calculated the B 
register is shifted by the serial port to the shift-register 
driver. (While some outputs may glitch as data is shift- 
ed through them, at I Megabaud most people wouldn't 
notice. Some shift registers provide an "enable" bit to 
hold the output states while new data is being shifted 
in.) 


This is where the earlier decision to address bits sym- 
bolically throughout the program is going to payoff. 
This major I/O restructuring is nearly as simple to im- 
plement as rearranging the input pins. Again, only the 
bit declarations need to be changed. 


LFRNT 
BIT B.O 
;FRONT LEFT-TURN 
;INDICATOR 
R_FRNT 
BIT B.l 
;FRONT RIGHT-TURN 
;INDICATOR 
LDASH 
BIT B.2 
;DASHBOARD LEFT-TURN 
;INDICATOR 
R_DASH 
BIT B.3 
;DASHBOARD RIGHT-TURN 
;INDICATOR 
LREAR 
BIT B.4 
;REAR LEFT-TURN 
;INDICATOR 
R_REAR 
BIT B.5 
;REAR RIGHT-TURN 
;INDICATOR 


Figure 17. Output 
Expansion 
Using Serial Port 
14-133 


inter 


The original program to compute the functions need 
not change. After computing the output variables, the 
control map is transmitted to the:butTered shift register 
through the serial port. 


The Boolean Processor solution holds a number of ad- 
vantages over older methods. Fewer switches are re- 
quired. Each is simpler, requiring fewer poles and lower 
current contacts. The flasher relay is eliminated entire- 
ly. Only six fI1aments are driven, rather than 10. The 
wiring harness is therefore simpkr and less expensive- 
one conductor for each of the six lamps and each of the 
five sensor switches. The fewer conductors use far few- 
er connectors. The whole system is more reliable. 


And since the system is much simpler it would be feasi- 
ble to implement redundancy and or fault detection on 
the four main turn indicators. 
Each could still be a 


Pl.S 


Pl.6 


Pl.7 


P2.0 


P2.1 


"=' 


P2.2 
= 


+SV 


TO 


standard double filament bulb, but with the filaments 
driven in parallel to tolerate single-element failures. 


Even with redundancy, the lights will eventually fail. 
To handle this inescapable fact current or voltage sens- 
ing circuits on each main drive wire can verify that 
each bulb and its high-current 
driver is functioning 
properly. Figure 18 shows one such circuit. 


Assume all of the lights are turned on except one: i.e., 
all but one of the collectors are grounded. For the bulb 
which is turned otT,if there is continuity from + 12V 
through the bulb base and filament, the control wire, all 
connectors, and the P.C. board traces, and if the tran- 
sistor is indeed not shorted to ground, then the collec- 
tor will be pulled to + 12V. This turns on the base of 
Q8 through the corresponding resistor, and grounds the 
input pin, verifying that the bulb circuit is operational. 
The continuity of each circuit can be checked by soft- 
ware in this way. 


WIRING 
HARNESS 
I 


inter 


Now turn all the bulbs on, grounding all the collectors. 
Q7 should be turned off, and thl" Test pin should be 
high. However, a control wire shorted to + 12V or an 
open-circuited drive transistor would leave one of the 
collectors at the higher voltage even now. This too 
would turn on Q7, indicating a diffi~renttype of failure. 
Software could perform these chec:ks once per second 
by executing the routine every time the software count- 
er SUB~IV 
is reloaded by the interrupt routine. 


DJNZ SUB_DIV,TOSERV 
MOV SUB_DIV,#244 
ORt Pl,#11100000B 


ORt P2,#00000111B 
CLR LFRNT 


JB 
TO ,FAULT 


SETB L_FRNT 


CLR 
L_DASH 


JB 
TO ,FAULT 
SETB L_DASH 
CLR 
L_REAR 


JB 
TO ,FAULT 
SErB L_REAR 
CLR 
R_FRNT 
JB 
TO ,FAULT 
SErB R_FRNT 
CLR 
R_DASH 
JB 
TO ,FAULT 
SETB R_DASH 
CLR 
R_REAR 
JB 
TO ,FAULT 
SETB R_REAR 


;WITH ALL COLLECTORS 
SHOULD BE HIGH 
;IF SO. CONTINUE 
WITH 


ROUTINE. 
JB 
TO,TOSERV 
FAULT: 


;REMAD 
COUNTER 
;SE1~CONTROL 
;OU1:PUTSHIGH 


;FLOAT DRIVE 
;COI,LECTOR 
;TO SHOULD BE 
;PUI.LEDLOW 
;PUI.LCOLLECTOR 
;BACK DOWN 


;ELECTRICAL 
;FAILURE 
;PROCESSING 
;ROUTINE 
;(LEFT TO 
;READER'S 
;IMAGINATION) 
;CONTINUE WITH 
;INTERRUPT 
;PROCESSING 


The complete assembled program listing is printed in 
Appendix A. The resulting code consists of 67 program 
statements, not counting declarations and comments, 
which assemble into 150bytes of object code. Each pass 
through 
the service routine 
requires 
(coincidently) 


67 IJ-splus 32 IJ-sonce per second for the electrical test. 
If executed every 4 ms as suggested this software would 
typically reduce the throughput of the background pro- 
gram by less than 2%. 


Once a microcomputer has been designed into a system, 
new features suddenly become virtually free. Software 
could make the emergency blinkers flash alternately or 
at a rate faster than the turn signals. Turn signals could 
override the emergency blinkers. Adding more bulbs 
would allow multiple taillight sequencing and syncopa- 
tion-true 
flash factor, so to speak. 


Design Example # 5-Complex 
Control 


Functions 


Finally, we'll mix byte and bit operations to extend the 
use of 8051 into extremely complex applications. 


Programmers can arbitrarily assign I/O pins to input 
and output functions only if the total does not exceed 
32, which is insufficient for applications with a very 
large number of input variables. One way to expand the 
number of inputs is with a technique similar to multi- 
plexed-keyboard scanning. 


Figure 19shows a block diagram for a moderately com- 
plex programmable industrial controller with the fol- 
lowing characteristics: 
• 64 input variable sensors: 
• 
12 output signals: 
• Combinational and sequential logic computations: 
• Remote operation with communications to a host 


processor via a high-speed full-duplex serial link: 


• Two prioritized external interrupts: 
• Internal real-time and time-of-day clocks. 


While many microprocessors could be programmed to 
provide these capabilities with assorted peripheral sup- 
port chips, an 8051 microcomputer needs no other inte- 
grated circuits! 


The 64 input sensors are logically arranged as an 8x8 
matrix. The pins of Port 1 sequentially enable each col- 
umn of the sensor matrix: as each is enabled Port 0 
reads in the state of each sensor in that column. An 
eight-byte block in bit-addressable RAM remembers 
the data as it is read in so that after each complete scan 
cycle there is an internal map of the current state of all 
sensors. Logic functions can then directly address the 
elements of the bit map. 


1 
1 


. 
OUF 


..:r;:- 
XTAL1 
VCC 
RST 


12M_Z 
~ 
XTAL2 
-- 
SERIAL I 
RXO 
INTO- 
LINK , • 
TXO 
INT1 


I" 


RETURN 
8051 


LINES 
\ 
PH 
0 
8 
16 
24 
32 
40 
43 
56 
PO.O 
P3.5 
1 
57 
PO.1 
P3.6 
2 
58 
PO.2 
-- 
- -1- 
P3.7 
3 
a.8 
59 
PO.3 
f-- 
SENSOR 
60 
PO.4 
4 
MATRIX 
f-- 
P2.0 
5 
61 
PO.5 
P2.1 
6 
62 
PO.6 
P2.2 
7 
15 
23 
31 
39 
47 
55 
63 
PO.7 


t 
'- 
P2.3 


P2.4 


P1.0 
P2.5 


P1.1 
P2.6 


P1.2 
P2.7 


P1.3 


P1.4 


P1.5 
ALE 
_N.C. 
-- _N.C. 
P1.6 
PSEN 


- 
P1.7 
- 
/~ 
VSS 
EA 


SCAN 
tJ 
LINES 


The computer's serial port is configured as a nine-bit 
DART, transferring data at 17,000 bytes-per-second. 
The ninth bit may distinguish between address and data 
bytes. 


The 8051 serial port can be configured to detect bytes 
with the address bit set, automatica:~y ignoring all oth- 
ers. Pins INTO and INTI are interrupts configured re- 
spectively as high-priority, falling-edge triggered and 
low-priority, low-level triggered. Th,~remaining 12 I/O 
pins output TIL-Ievel control signals to 12 actuators. 


There are several ways to implement the sensor matrix 
circuitry, all logically similar. Figure 20a shows one 
possibility. Each of the 64 sensors consists of a pair of 
simple switch contacts in series with a diode to permit 
multiple contact closures throughout the matrix. 


The scan lines from Port 1 provide eight un-encoded 
active-high scan signals for enabling columns of the 
matrix. The return lines on rows where a contact is 
closed are pulled high and read as logic ones. Open 
return lines are pulled to ground by one of the 40 kn 
resistors and are read as zeroes. (The resistor values 
must be chosen to ensure all return lines are pulled 
above the 2.0V logic threshold, even in the worst-case, 


where all contacts in an enabled column are closed.) 
Since PO is provided open-collector outputs and high- 
impedance MOS inputs its input loading may be con- 
sidered negligible. 


Example 
3. 
INPUT_SCAN: 
;SUBROUTINE 
TO READ 
;CURRENT STATE 
;OF 
64 
SENSORS 
AND 
;SAVE 
IN 
RAM 20H-27H 
The circuits in Figures 20b-20d are variations on this 
theme. When input signals must be electrically isolated 
from the computer circuitry as in noisy industrial envi- 
ronments, phototransistors can replace the switch diode 
pairs and provide optical isolation as in Figure 20b. 
Additional opto-isolators could also be used on the con- 
trol output and special signal lines. 


;INITIALIZE 
;POINTERS 
;FOR BIT 
MAP 
;BASES 
;SET 
FIRST 
BIT 
;IN 
ACC 
;OUTPUT 
TO SCAN 
;LINES 
;SHIFT 
TO ENABLE 
;NEXT COLUMN 
;NEXT 
;REMEMBER CUR- 
;RENT 
SCAN 
;POSITION 
;READ RETURN 
;LINES 
;SWITCH 
WITH 
;PREVIOUS 
MAP 
;BITS 
;SAVE PREVIOUS 
;STATE 
AS WELL 
;BUMP POINTERS 


MOV RO,#20H 


MOV Rl,#28H 


The other circuits assume that input signals are already 
at TIL levels. Figure 20c uses octal three-state buffers 
enabled by active-low scan signals to gate eight signals 
onto Port O. Port 0 is available for memory expansion 
or peripheral chip interfacing between sensor matrix 
scans. Eight-to-one multiplexers in Figure 20d select 
one of eight inputs for each retum line as determined 
by encoded address bits output on three pins of Port I. 
(Five more output pins are thus fr,~edfor more control 
functions.) Each output can drive at least one standard 
TIL 
or up to 10 low-power TIL 
loads without addi- 
tional buffering. 


Going back to the original matrix circuit, Figure 21 
shows the method used to scan th<:sensor matrix. Two 
complete bit maps are maintained in the bit-addressable 
region of the RAM: one for the current state and one 
for the previous state read for each sensor. If the need 
arises, the program could then sense input transitions 
and or debounce contact closures by comparing each 
bit with its earlier value. 


INC 
RO 
INC 
Rl 
MOV A,R2 
;RELOAD SCAN 
;LINE 
MASK 
ACC,7;SCAN;LOOP 
UNTIL 
ALL 
;EIGHT 
COLUMNS 
;READ 


The code in Example 3 implements the scanning algo- 
rithm for the circuits in Figure 20a. Each column is 
enabled by setting a single bit in a field of zeroes. The 
bit maps are positive logic: ones represent contacts that 
are closed or isolators turned on. 
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a.) Using Switch Contact/Diode 
Matrix 


Flgul·e 20. Sensor Matrix Implementation 
Methods 
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b.) Using Optically-Coupled 
Isolators 


Figure 20. Sensor 
Matrix Implementation 
Methods 
(Continued) 
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c.) Using TTL Three-State 
Buffers 


Figure 20. Sensor Matrix Implementation 
Methods 
(Continued) 


d.) Using 
TTL Data Selectors 


Figure 
20. Sensor 
Matrix 
Implementation 
Methods 
(Continued) 


inter 


venting some artificial design problem, software corre- 
sponding to commonplace logic elements will be dis- 
cussed. 


INITIALIZE, 
MAP 
BUFFER 
POINTERS 
AND 
SCAN 
MASK 


Combinatorial Output 
Variables. An output variable 


which is a simple (or not so simple) combinational 
function of several input variables is computed in the 
spirit of Design Example 3. All 64 inputs are represent- 
ed in the bit maps: in fact, the sensor numbers in Figure 
20 correspond to the absolute bit addresses in RAM! 
The code in Example 4 activates an actuator connected 
to P2.2 when sensors 12, 23, and 34 are closed and 
sensors 45 and 56 are open. 


OUTPUT 
~;CAN 
MASK 
TO SCAN 
lINE~;: 


STORE 
SHIFTED 
MASt: 


Example 4. 
Simple Combinatorial Output Variables. 


READ 
RE1URN 
LINES 
AND 
UPDATE 
BIT MAl'S 


;SET P2.2=(12) (23)(34)( 45) ( 56) 


MOV C,12 
ANL C,23 
ANL C,34 
ANL C, 45 
ANL C, 56 
MOV P2.2,C 


Intermediate 
Variables. The examination of a typical 


relay-logic ladder diagram will show that many of the 
rungs control not outputs but rather relays whose con· 
tacts figure into the computation of other functions. In 
effect, these relays indicate the state of intermediate 
variables of a computation. 


The MCS-51 solution can use any directly addressable 
bit for the storage of such intermediate variables. Even 
when all 128 bits of the RAM array are dedicated (to 
input bit maps in this example), the accumulator, PSW, 
and B register provide 18additional flags for intermedi- 
ate variables. 


For example, suppose switches 0 through 3 control a 
safety interlock system. Closing any of them should de- 
activate certain outputs. Figure 22 is a ladder diagram 
for this situation. The interlock function could be re- 
computed for every output affected, or it may be com- 
puted once and save (as implied by the diagram). As 
the program proceeds this bit can qualify each output. 


Figure 21. Flowchart 
for 
Reading 
In Sensol' Matrix 


What happens after the sensors have been scanned de- 
pends on the individual application. Rather than in- 


inter 


Example 5. Incorporating Overrid: signal into actu- 
ator outputs. 


CALL INPUT_SCAN 
MOV C,O 
ORL C,l 
ORL C,2 
ORL C,3 
MOV FO,C 


ANL C, FO 
MOV PLO,C 


COMPUTE 
FUNCTION 
1 


ANL C, FO 
MOV Pl,l,C 


ANL C, FO 
MOV Pl,2,C 


CA1 
H~ 


~ 


CA. 
~Hf- 


Figure 22. Ladder Diagram for 
Output Override 
Circuitry 


Latching Relays. A latching relay can be forced into 
either the ON or OFF state by two corresponding input 
signals, where it will remain until forced onto the oppo- 
site state-analogous 
to a lTL SetlReset flip-flop. The 


relay is used as an intermediate variable for other calcu- 
lations. In the previous example, the emergency condi- 
tion could be remembered and remain active until an 
"emergency cleared" button is pressed. 


Any flag or addressable bit may represent a latching 
relay with a few lines of code (see Example 6). 


jI_SET SET FLAG 0 IF C=l 
LSET: 
ORL C,FO 
MOV FO,C 


jI_RSET RESET 
FLAG 0 IF C=l 
LRSET: 
CPS C 
ANL C,FO 
MOV FO,C 


Time Delay Relays. A time delay relay does not re- 
spond to an input signal until it has been present (or 
absent) for some predefmed time. For example, a bal- 
last or load resistor may be switched in series with a 
D.C. motor when it is first turned on, and shunted from 
the circuit after one second. This sort of time delay may 
be simulated by an interrupt routine driven by one of 
the two 8051 timer counters. The procedure followed 
by the routine depends heavily on the details of the 
exact function needed: time-outs or time delays with 
resettable or non-resettable inputs are possible. If the 
interrupt routine is executed every 10 milliseconds the 
code in Example 7 will clear an intermediate variable 
set by the background program after it has been active 
for two seconds. 


Example 7. Code to clear USRFLG after a fixed 
time delay. 


JNB 
USR_FLG,NXTTST 
DJNZ DLAY_COUNT,NXTTST 
CLR 
USR_FLG 
MOV 
DLAY_COUNT,#200 


:~_ 
....rJ 
....v.u.••.•.•."..•.v .•..•. 
~ 
..•."'y.l'"'~.l.l"CU 
uy 
\;C11.i:U1l 
input 
combinations (such as the earlier Emergency Override), 
the controller could shut down the machine immediate- 
ly and/or 
alert the host processor via the serial port. 
Code bytes indicating the natur,~ of the problem could 
be transmitted to a central computer. In fact, at 17,000 
bytes-per-second, the entire contents of both bit maps 
could be sent to the host proces.sor for further analysis 
in less than a millisecond! If the host decides that con- 
ditions warrant, it could alert other remote processors 
in the system that a problem e!ists and specify which 
shut-down sequence each should initiate. For more in- 
formation on using the serial port, consult the MCS-5l 
User's Manual. 


One difference between relay ar.d programmed indus- 
trial controllers (when each is considered as a "black 
box") is their respective reaction times to input chang- 
es. As reflected by a ladder diagram, relay systems con- 
tain a large number of "rungs" operating in parallel. A 
change in input 
conditions 
will begin propagating 
through the system immediately, possibly affecting the 
output state within milliseconds. 


Software, on the other hand, operates sequentially. A 
change in input states will not be detected until the next 
time an input scan is performed, and will not affect the 
outputs until that section of the: program is reached. 
For that reason the raw speed of computing the logical 
functions is of extreme importan,:e. 


Here the Boolean processor pays off. Every instruction 
mentioned in this Note completes in one or two micro- 
seconds-the 
minimum instruction execution time for 
many other microcontrollers! A ladder diagram con- 
taining a hundred rungs, with an average of four con- 
tacts per rung can be replaced by approximately five 
hundred lines of software. A complete pass through the 
entire matrix scanning routine and all computations 
would require about a millisecond: less than the time it 
takes for most relays to change state. 


an IUnCtlOnWlIna subroutine would be less efficient by 
at least an order of magnitude. Extra software is needed 
for the simulation routines, and each step takes longer 
to execute for three reasons: several byte-wide logical 
instructions are executed per user program step (rather 
than one Boolean operation): most of those instructions 
take longer to execute with microprocessors performing 
multiple off-chip accesses: and calling and returning 
from the various subroutines 
requires overhead for 
stack operations. 


In fact, the speed of the Boolean Processor solution is 
likely to be much faster than the system requires. The 
CPU might use the time left over to compute feedback 
parameters, 
collect and analyze execution statistics, 
perform system diagnostics, and so forth. 


With the building-block basics mentioned above many 
more operations may be synthesized by short instruc- 
tion sequences. 


Exclusive-OR. There are no common mechanical devic- 
es or relays analogous to the Exclusive-OR operation, 
so this instruction 
was omitted 
from the Boolean 
Processor. However, the Exclusive-OR or Exclusive- 
NOR operation may be performed in two instructions 
by conditionally complementing the carry or a Boolean 
variable based on the state of any other testable bit. 


;EXCLUSIVE-;OR 
FUNCTION 
IMPOSED 
ON 
CARR~ 
;USING 
FO 
IS INPUT 
VARIABLE. 
;XOR_FO: 
JNB 
FO,XORCNT 
;("JB" 
FOR 
X-NOR) 
CPL 
C 
;XORCNT: 
••• 
••••• 


xeH. The contents of the carry and some other bit may 
be exchanged (switched) by using the accumulator as 
temporary storage. Bits can be moved into and out of 
the 
accumulator 
simultaneously 
using 
the 
Rotate- 


through-carry instructions, though this would alter the 
accumulator data. 


;EXCHANGE CARRY WITH USRFLG 
XCHBIT: RLC 
A 
MOV 
C,USR_FLG 
RRC 
A 
MOV 
USR_FLG,C 
RLC 
A 


Extended Bit Addressing. The 8051 can directly address 
144 general-purpose bits for all instructions in Figure 
3b. Similar operations may be extended to any bit any- 
where on the chip with some loss of efficiency. 


The logical operations AND, OR, and Exclusive-OR 
are performed on byte variables using six different ad- 
dressing modes, one of which lets tl:.esource be an im- 
mediate mask, and the destination any directly address- 
able byte. Any bit may thus be set, deared, or comple- 
mented with a three-byte, two-cycl.~instruction if the 
mask has all bits but one set or cleared. 


Byte variables, registers, and indirectly addressed RAM 
may be moved to a bit addressable register (usually the 
accumulator) in one instruction. Once transferred, the 
bits may be tested with a conditional jump, allowing 
any bit to be polled in 3 microseconds-still 
much fast- 
er than most architectures-or 
used for logical calcula- 
tions. (This technique can also simulate additional bit 
addressing modes with byte operations.) 


Parity of bytes or bits. The parity of the current accu- 
mulator contents is always available in the PSW, from 
whence it may be moved to the carry and further 
processed. Error-correcting Hamming codes and simi- 
lar applications require computing parity on groups of 
isolated bits. This can be done by conditionally comple- 
menting the carry flag based on those bits or by gather- 
ing the bits into the accumulator (as shown in the DES 
example) and then testing the parallel parity flag. 


Though the 8051 serial port can accommodate eight- or 
nine-bit data transmissions, 
some protocols 
involve 
much longer bit streams. The algon.thms presented in 


Design Example 2 can be extended quite readily to 16 
or more bits by using multi-byte input and output buff- 
ers. 


Many mass data storage peripherals and serial commu- 
nications protocols include Cyclic Redundancy (CRe) 
codes to verify data integrity. The function is generally 
computed serially by hardware using shift registers and 
Exclusive-OR gates, but it can be done with software. 
As each bit is received into the carry, appropriate bits 
in the multi-byte data buffer are conditionally comple- 
mented based on the incoming data bit. When finished, 
the CRC register contents may be checked for zero by 
ORing the two bytes in the accumulator. 


A truly unique facet of the Intel MCS-51 microcomput- 
er family design is the collection of features optimized 
for the one-bit operations so often desired in real-world, 
real-time control applications. Included are 17 special 
instructions, a Boolean accumulator, implicit and direct 
addressing modes, program and mass data storage, and 
many I/O options. These are the world's first single- 
chip microcomputers able to efficiently manipulate, op- 
erate on, and transfer either bytes or individual bits as 
data. 


This Application Note has detailed the information 
needed by a microcomputer system designer to make 
full use of these capabilities. Five design examples were 
used to contrast the solutions allowed by the 8051 and 
those required by previous archit~ctures. Depending on 
the individual application, the 8051 solution will be eas- 
ier to design, more reliable to implement, debug, and 
verify, use less program memory, and run up to an or- 
der of magnitude faster than the same function imple- 
mented on previous digital computer architectures. 


Combining byte- and bit-handling capabilities in a sin- 
gle microcomputer has a strong synergistic effect: the 
power of the result exceeds the power of byte- and bit- 
processors laboring individually. Virtually all user ap- 
plications will benefit in some way from this duality. 
Data intensive applications will use bit addressing for 
test pin monitoring or program control flags: control 
applications will use byte manipulation for parallel I/O 
expansion or arithmetic calculations. 


It is hoped that these design examples give the reader 
an appreciation of these unique features and suggest 
ways to exploit them in his or her own application. 


ISIS-II 
MCS-51 
MACRO 
ASSEMBLER 
VI.O 
OBJECT 
MODULE 
PLACED 
IN 
FO AP70 
HEX 
ASSEMBLER 
INVOKED 
BY' 
fl asm51 
ap70 
sre 
d~t.(32B) 


LOC 
OBJ 
LINE 
SOURCE 


0090 
0091 
0092 
0093 
0094 


2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
2:> 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
+1 


0095 
0096 
0097 
OOAO 
OOAI 
00A2 


0020 
0000 
0007 


THE 
FOLLOWING 
PROGRAM 
USES 
THE 
BOOLEAN 
INSTRUCTION 
SET 
OF 
THE 
INTEL 
E051 
MICROCOMPUTER 
TO PERFORM 
A NUMBER 
OF 
AUTOMOTIVE 
DASHBOARD 
CONTROL 
FUNCTIONS 
RELATING 
TO 
TURN 
SIGNAL 
CONTROL. 
EMERGENCY 
BLINKERS. 
BRAKE 
LIGHT 
CONTROL. 
AND 
PARKING 
LIGHT 
OPERATION. 
THE 
ALGORITHMS 
AND 
HARDWARE 
A~E 
D£5C!=!!!!E~ 
!N 
,",CC"'rI'U' 
EXAMPLE 
.4 OF 
INTEL 
APPLICATION 
NOTE 
AP-70. 
"USING 
THE 
INTEL 
MCS-51(TM) 
BOOLEAN 
PROCESSING 
CAPABILITIES" 


INPUT 
PIN 
DECLARATIONS' 


(ALL 
INPUTS 
ARE 
POSITIVE-TRUE 
LOGIC 
INPUTS 
ARE 
HIGH 
WHEN 
RESPECTIVE 
SWITCH 
CONTACT 
IS CLOSED 
) 


BRAKE 
BIT 
PI 0 
BRAKE 
PEDAL 
DEPRESSED 
EMERG 
BIT 
PI 
I 
EMERGENCY 
BLINKER 
ACTIVATED 
PARK 
BIT 
PI 2 
PARKING 
LIGHTS 
ON 
L_TURN 
BIT 
PI 
3 
TURN 
LEVER 
DOWN 
R_TURN 
BIT 
PI 
4 
TURN 
LEVER 
UP 


OUTPUT 
PIN 
DECLARATIONS: 


(ALL OUTPUTS 
ARE 
POSITIVE 
TRUE 
LOGIC 
BULB 
IS TURNED 
ON 
WHEN 
OUTPUT 
PIN 
IS HIGH. ) 


L1RNT 
BIT 
PI 
5 
FRONT 
LEFT-TURN 
INDICATOR 
R_FRNT 
BIT 
PI 6 
FRONT 
RIGHT-TURN 
INDICATOR 
L_DASH 
BIT 
PI 
7 
DASHBOARD 
LEFT-TURN 
INDICATOR 
R_DASH 
BIT 
P2 0 
DASHBOARD 
RIGHT-TURN 
INDICATOR 
L_REAR 
BIT 
P2. I 
REAR 
LEFT-TURN 
INDICATOR 
R_REAR 
BIT 
P2 2 
REAR 
RIGHT-TURN 
INDICATOR 


S_FAIL 
BIT 
P2. 3 
ELECTRICAL 
SYSTEM 
FAULT 
INDICATOR 


INTERNAL 
VARIABLE 
DEFINITIONS: 


SUB_DIV 
DATA 
20H 
INTERRUPT 
RATE 
SUBDIVIDER 
HIJRECl 
~IT 
SUB_DIV. 0 
HIGH-FREClUENCY 
OSCILLATOR 
BIT 
LOJRECl 
BIT 
SUB_DIV 
7 
LOW-FREClUENCY 
OSCILLATOR 
BIT 


DIM 
BIT 
PSW 
I 
PARKING 
LIGHTS 
ON FLAG 


OooB 
OOOB 
7:)8CFO 
OOOE 
CODa 
0010 
0154 


0040 
0040 
7'BAOO 
0043 
7'8CFO 
004b 
7589bl 


0049 
7'20F4 
004C 
D2A9 
004E 
D2AF 
00'0 
D28C 
0052 
80FE 


OO'A 
4390EO 
OO'D 
43AOO7 
OObO 
C295 
00b2 
20B428 
OOb' 
D295 
00b7 
C297 
00b9 
20B421 
OObC 
D297 
OObE 
C2AI 
0070 
20B41A 
0073 
D2AI 
007' 
C29b 
0077 
20B413 
007A 
D29b 
007C 
C2AO 
007E 
20B40C 
0081 
D2AO 
0083 
C2A2 
0085 
20B405 
00B8 
02A2 


49 
'0 
51 
'2 
'3 
'4 
'5 
'b 
57 
'8 
'9 
bO 
bl 
b2 
63 
b4 
b' 
bb 
b7 
b8 
b9 
70 
71 
72 
73 
74 
7' 
7b 
77 
78 
79 
80 
81 
82 
83 
84 
85 
8b 
87 
88 
B9 
90 
91 
92 
93 
94 
9' 
9b 
97 
98 
99 
+1 


ORL 
ORL 
CLR 
.JB 
SETB 
CLR 
.JB 
SETB 
CLR 
.JB 
SETB 
CLR 
.JB 
SETB 
CLR 
.JB 
SETB 
CLR 
.JB 
SETB 


TIMER 
0 SERVICE 
VECTOR 
HIGH 
TIMER 
BYTE 
AD.JUSTED TO CONTROL 
INT 
RATE 


EXECUTE 
CODE 
TO SAVE 
ANY 
REGISTERS 
USED 
BELOW 
<CONTINUE 
WITH 
REST 
OF 
ROUTINE) 


ZERO 
LOADED 
INTO 
LOW-ORDER 
BYTE 
AND 


-Ib 
IN HIGH-ORDER 
BYTE 
GIVES 
4 MSEC 
PERIOO 
B-BIT 
AUTO 
RELOAD 
COUNTER 
MODE 
FOR 
TIMER 
I. 


Ib-BIT 
TIMER 
MODE 
FOR 
TIMER 
0 SELECTED 
SUBDIVIDE 
INTERRUPT 
RATE 
BY 
244 
FOR 
I HZ 
USE 
TinER 
Q 
uvE"FLuw5 
TO 
iNTERRuPT 
~HuGRAM 
CONFIGURE 
IE TO 
GLOBALLY 
ENABLE 
INTERRUPTS 
KEEP 
INSTRUCTION 
CYCLE 
COUNT 
UNTIL 
OVERFLOW 
START 
BACKGROUND 
PROGRAM 
EXECUTION 


EXECUTE 
SYSTEM 
TEST 
ONLY 
ONCE 
PER 
SECOND 
GET 
VALUE 
FOR 
NEXT 
ONE 
SECOND 
DELAY 
AND 
GO 
THROUGH 
ELECTRICAL 
SYSTEM 
TEST 
CODE. 


SET 
CONTROL 
OUTPUTS 
HIGH 


FLOAT 
DRIVE 
COLLECTOR 
TO SHOULD 
BE PULLED 
LOW 
PULL 
COLLECTOR 
BACK 
DOWN 
REPEAT 
SEOUENCE 
FOR 
L_.DIISH. 


ORG 
MOV 
PUSH 
A.JMP 


OOOBH 
THO ••-Ib 
PSW 
UPDATE 


0040H 
TLO ••O 
THO ••-Ib 
TMOD ••OIIOOOOIB 


SETB 
SETB 
S.JMP 


PI. .1 I100000B 
P2 .•0oo0011IB 
L_FRNT 
TO. FAULT 
L_FRNT 
L_DASH 
TO. FAULT 
L_DASH 
L_REAR 
TO. FAULT 
L REAR 
R:::FRNT 
TO. FAULT 
R_FRNT 
R_DASH 
TO. FAULT 
R_DASH 
R_REAR 
TO. FAULT 
R_REAR 


_. 


LOC 
OBJ 
LINE 
SOURCE 


I 
I c( 


100 
CONTINUE 
WITH 
INTERRUPT 
PROCESSING 
101 
102 
I) 
COMPUTE 
LOW 
BULB 
INTENSITY 
WHEN 
PAR~ING 
LIGHTS 
ARE 
ON 
103 
008F 
A201 
104 
TOSERV 
MOV 
C.SUB_DIV 
I 
START 
WITH 
'0 PERCENT. 
0091 
8200 
105 
ANL 
C.SUB_DIV 
0 
MAS~ 
DOWN 
TO 2' 
PERCENT. 
0093 
7202 
lOb 
ORL 
C.SUB_DIV 
2 
BUILD 
BAC~ 
TO b2. , PERCENT. 
009' 
8292 
107 
ANL 
C.PAR~ 
GATE 
WITH 
PAR~ING 
LIGHT 
SWITCH. 
0097 
92DI 
108 
MOV 
DIM.C 
AND 
SAVE 
IN TEMP. 
VARIIIBLE. 


109 
110 
2) 
COMPUTE 
AND 
OUTPUT 
LEFT-HAND 
DASHBOARD 
INDICATOR 
III 
0099 
A293 
112 
MOV 
C.L 
TURN 
~FT 
C-AQRV 
!F 
TV~~ 
009B 
7291 
113 
ORL 
C. EMERG 
OR EMERGENCY 
SELECTED. 


0090 
8207 
114 
ANL 
C. LO_FREel 
IF SO. 
GATE 
IN 
I HZ 
SIGNAL 
009F 
9297 
115 
MOV 
L_DASH. C 
AND 
OUTPUT 
TO 
DASHBOARD 
lib 
117 
3) 
COMPUTE 
AND 
OUTPUT 
LEFT-HAND 
FRONT 
TURN 
SIGNAL 
118 
OOAI 
92D5 
119 
MOV 
FO. C 
SAVE 
FUNCTION 
SO FAR 
00A3 
72DI 
120 
ORL 
C.DIM 
ADD 
IN PAR~ING 
LIGHT 
FUNCTION 
00A5 
9295 
121 
MOV 
L_FRNT. C 
AND 
OUTPUT 
TO 
TURN 
SIGNAL 
122 
...• 


I 


123 
4) 
COMPUTE 
AND 
OUTPUT 
LEFT-HAND 
REAR 
TURN 
SIGNAL 


I 
I 


~ 
! 
124 
"tI 
00A7 
A290 
125 
MOV 
C.BRAKE 
GATE 
BRA~E 
PEDAL 
SWITCH 
I 
~ 
"" 
ex> 
00A9 
B093 
126 
ANL 
C./L_TURN 
WITH 
TURN 
LEVER. 
0 
OOAB 
7205 
127 
ORL 
C.FO 
INCLUDE 
TEMP 
VARIABLE 
FROM 
DASH 
OOAD 
7201 
128 
ORL 
C.DIM 
AND 
PAR~ING 
LIGHT 
FUNCTION 
OOAF 
92Al 
129 
MOV 
L_REAR. C 
AND 
OUTPUT 
TO TURN 
SIGNAL. 


130 
131 
5) 
REPEAT 
ALL 
OF ABOVE 
FOR 
RIGHT-HAND 
COUNTERPARTS 
132 
00111 A294 
133 
MOV 
C.R_TURN 
SET 
CARRY 
IF TURN 
00B3 
7291 
134 
ORL 
C.EMERG 
OR EMERGENCY 
SELECTED 
00B5 
8207 
135 
ANL 
C.LO_FREel 
IF SO. 
GATE 
IN 
I HZ SIGNAL 
00B7 
92AO 
13b 
MOV 
R_DASH. C 
AND 
OUTPUT 
TO DASHBOARO. 


00B9 
9205 
137 
MOV 
FO.C 
SAVE 
FUNCTION 
SO FAR. 
OOBB 
72DI 
138 
ORL 
C.DIM 
ADO 
IN PAR~ING 
LIGHT 
FUNCTION 
OOBD 
929b 
139 
MOV 
R]RNT. 
C 
AND 
OUTPUT 
TO TURN 
SIGNAL 
OOBF 
A290 
140 
MOV 
C.BRAKE 
GATE 
BRA~E 
PEDAL 
SWITCH 
OOCI 
B094 
141 
ANL 
C./R_TURN 
WITH 
TURN 
LEVER 
00C3 
72D5 
142 
ORL 
C.FO 
INCLUDE 
TEMP 
VAR IABLE 
FROM 
DAS'. 
OOC, 
72DI 
143 
ORL 
C.DIM 
AND 
PAR~ING 
LIGHT 
FUNCTION 
00C7 
92A2 
144 
MOV 
R_REAR. C 
AND 
OUTPUT 
TO 
TURN 
SIGNAL 
145 
14b 
RESTORE 
STATUS 
REGISTER 
AND 
RETURN 
147 
00C9 
DODO 
148 
POP 
PSW 
RESTORE 
PSW 
OOCB 
32 
149 
RETI 
AND 
RETURN 
FROM 
INTERRUPT 
ROUTINE 
150 
:51 
END 
203630-26 
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XREF 
SYMBOL 
TABLE 
LISTING 
I 
It 
I 
I 
NAME 
TYPE 
VALUE 
AND 
REFERENCES 


BRAKE 
N BSEG 
0090H 
20. 
125 
140 
DIM 
N BSEG 
OODIH 
45. 
108 
120 
128 
138 
143 
EA 
N BSEG 
OOAFH 
6'1 
EMERG 
N BSEG 
0091H 
21. 
113 
134 
ETO 
N BSEG 
00A9H 
63 
FO 
N BSfG 
00D5H 
119 
127 
137 
142 
FAULT 
L CSEG 
008DH 
75 
78 81 
84 
87 
90 
97. 
HI_FREG 
N BSEG 
OOOOH 
42. 
INIT 
L CSr:G 
0040H 
50 
58. 
L_DA5H. 
N 
E5EG 
0097H 
32. 
77 
79 
1.15 
L_FRtH 
N BSEG 
0095H 
30. 
74 
76 
121 
L_REAR 
N BSEG 
OOAIH 
34. 
80 
82 
129 
L_TURN 
t~ BSEG 
0093H 
23tt 
112 
126 
LOJREG 
N BSEG 
0007H 
43. 
114 
135 
PI 
N DSEG 
0090H 
20 21 22 23 24 30 31 
32 
72 
P2 
N DSEG 
OOAOH 
33 34 
35 
37 
73 
PARK 
N BSEG 
0092H 
22. 
107 
PSW 
N DSEG 
OODOH 
45 
54 
148 
~ 


I 


R_DASH 
N BSEG 
OOAOH 
33. 
86 
88 
136 


I 
I 


~ 
! 
R_FRNT 
N BSEG 
0096H 
3a 
83 
85 
139 
"U 
R_REAR 
N BSEG 
00A2H 
35. 
89 
91 
144 
I 
.j>. 
"'" 
CO 
R_TURN 
N BSEG 
0094H 
24. 
133 
141 
0 
SJAIL. 
N BSEG 
00A3H 
37. 
97 
SUB_DIV 
N DSEG 
0020H 
41. 
42 
43 
62 
69 
70 
104 
105 
106 
TO 
N BSEG 
00B4H 
75 78 
81 
84 
87 
90 
96 
TOSERV 
L CSEG 
008FH 
69 
96 
104. 
( 


THO 
N DSEG 
008CH 
53 
59 
TLO 
N DSEG 
008AH 
58 
TMOD 
N DSEG 
0089H 
60 
TRO 
N BSEG 
008CH 
65 
UPDATE 
L CSEG 
0054H 
55 69. 


ASSEMBLY 
COMPLETE, 
NO 
ERRORS 
FOUND 
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APPLICATION 
NOTE 


Designing With The 80C51BH 


TOM WILLIAMSON 
MCO APPLICATIONS 
ENGINEER 


The original CMOS logic families were the 4OOO-series 
and the 74C-series circuits. The 74C-series circuits are 
functional equivalents to the corres;ponding numbered 
74-series TIL circuits, but have CMOS logic levels and 
retain the other well known characteristics of CMOS 
logic. 


These characteristics are: low power consumption, high 
noise immunity, and slow speed. The low power con- 
sumption is inherent to the nature of the CMOS circuit. 
The noise immunity is due partly to)the CMOS logic 
levels, and partly to the slowness of the circuits. The 
slow speed is due to the technology used to construct 
the transistors in the circuit. 


The technology used is called metli.l-gate CMOS, be- 
cause the transistor gates are formed by metal deposi- 
tion. More importantly, the gates are formed after the 
drain and source regions have been defmed, and must 
overlap the source and drain somewhat to allow for 
alignment tolerances. This overlap plus the relatively 
large size of the transistors themselves result in high 
electrode capacitance, and that is what limits the speed 
of the circuit. 


High speed CMOS became feasible with the develop- 
ment of the self-aligning silicon gatel:echnology. In this 
process polysilicon 
gates are deposited 
before 
the 


source and drain regions are defmed!.Then the source 
and drain regions are formed by ion implantation using 
the gate itself as a mask for the implantation. This elim- 
inates most of the overlap capacitance. In addition, the 
process allows smaller transistors. The result is a signif- 
icant increase in circuit speed. The 74HC-series of 
CMOS logic circuits is based on this technology, and 
has speeds comparable to LS TIL, 
which is to say 


about 10 times faster than the 74C-sl~riescircuits. 


The size reduction that contributes to the higher speed 
also demands an accompanying reduction in the maxi- 
mum supply voltage. High-speed CMOS is generally 
limited to 6V. 


CHMOS is the name given to Intel's high-speed CMOS 
processes. There are two CHMOS pro)cesses,one based 
on an n-well structure and one based on a powellstruc- 
ture. In the n-well structure, n-type wells are diffused 
into a p-type substrate. Then the n-channel transistors 
(nFETs) are built into the substratl: and pFETs are 
built into the n-wells. In the powell structure, p-type 
wells are diffused into an n-type substrate. Then the 
nFETs are built into the wells and pFETs, into the 


substrate. Both processes have their advantages and 
disadvantages, which are largely transparent 
to the 


user. 


Lower operating voltages are easier to obtain with the 
powellstructure than with the n-well structure. But the 
powell structure does not easily adapt to an EPROM 
which would be pin-for-pin compatible with HMOS 
EPROMs. On the other hand the n-well structure can 
be based on the solidly founded HMOS process, in 
which nFETs are built into a p-type substrate. This 
allows somewhat more than half of the transistors in a 
CHMOS chip to be constructed by processes that are 
already well characterized. 


Currently Intel's CHMOS rnicrocontrollers and memo- 
ry products are n-well devices, whereas CHMOS mi- 
croprocessors are powell devices. 


Further discussion of the CHMOS technology is pro- 
vided in References I and 2 (which are reprinted in the 
Microcontroller Handbook). 


The 8OC5IBH is the CHMOS version ofIntel's original 
8051. The 8OC31BHis the ROMless 80C51BH, equiva- 
lent to the 8031. These CHMOS devices are architec- 
turally identical with their HMOS counterparts, except 
that they have two added features for reduced power. 
These are the Idle and Power Down modes of opera- 
tion. 


In most cases, an 8OC51BH can directly replace the 
8051 in existing applications. It can execute the same 
code at the same speed, accept signals from the same 
sources, 
and 
drive the 
same loads. 
However, 
the 


8OC5IBH covers a wider range of speeds, will emit 
CMOS logic levels to CMOS loads, and will draw about 
1/10 the current of an 8051 (and less yet in the reduced 
power modes). Interchangeability between the HMOS 
and CHMOS devices is discussed in more detail in the 
final section of this Application Note. 


It should be noted that the 8OC51BH CPU is not static. 
That means if the clock frequency is too low, the CPU 
might forget what it was doing. This is because the 
circuitry uses a number of dynamic nodes. A dynamic 
node is one that uses the note-to-ground capacitance to 
form a temporary storage cell. Dynamic nodes are used 
to reduce the transistor count, and hence the chip area, 
thus to produce a more economical device. 


This is not to say that the on-chip RAM in CHMOS 
rnicrocontrollers is dynamic. It's not. It's the CPU that 
is dynamic, and that is what imposes the minimum 
clock frequency specification. 


Latchup is an SCR-type turn-Oil phenomenon that is 
the traditional 
nemesis of CMOS systems. The sub- 


strate, the wells, and the transistors form parasitic pnpn 
structures within the device. Th,:se parasitic structures 
turn on like an SCR if a sufficimt amount of forward 
current is driven through one of the junctions. From 
the circuit designer's point of view it can happen when- 
ever an input or output pin is externally driven a diode 
drop above Vcc or below Vss, by a source that is capa- 
ble of supplying the required tril~gercurrent. 


However much of a problem latcliup has been in the 
past, it is good to know that in most recently developed 
CMOS devices, and specifically in CHMOS devices, the 
current required to trigger latchup is typically well over 
100 mA. The 8OC5IBH is virtuaJ.lyimmune to latchup. 
(References I and 2 present a di!,cussion of the latchup 
mechanisms and the steps that are taken on the chip to 
guard against it.) Modem CMOS is not absolutely im- 
mune to latch up, but with trigger currents in the hun- 
dreds of mA, latchup is certainly a lot easier to avoid 
than it once was. 


A careless power-up sequence might trigger a latchup 
in the older CMOS families, but it's unlikely to be a 
major problem in high-speed CMOS or in CHMOS. 
There is still some risk incurred in inserting or remov- 
ing chips or boards in a CMOS system while the power 
is on. Also, severe transients, suc;~as inductive kicks or 
momentary short-circuits, can e.{ceed the trigger cur- 
rent for latchup. 


For applications in which some latchup risk seems un- 
avoidable, you can put a small rfsistor (lOOn or so) in 
series with signal lines to ensure that the trigger current 
will never be reached. This also helps to control over- 
shoot and RFI. 


LOGIC 
LEVELS AND INITERFACING 


PROBLEMS 


quires) a higher "logic I" level than TIL. 
Secondly, 


CMOS logic levels are VCC (or VDD) 
dependent, 


whereas guaranteed TIL 
logic levels are fixed when 


Vcc is within TIL specs. 


VIHMIN 
= 70% 
of VCC 
VILMAX = 20% 
of VCC 
VOHMIN = Vcc 
- 
O.W,IIOHI 
S; 20 IJ-A 


VOLMAX 
= O.W.IIOd 
S; 20 IJ-A 


Figure I compares 74HC, LS TIL, 
and 74HCT logic 


levels with those of the HMOS 8051 and the CHMOS 
80C51BH for VCC = 5V. 


Output logic levels depend of course on load current, 
and are normally specified at several load currents. 
When CMOS and TIL are powered by the same Vco 
the logic levels guaranteed on the data sheets indicate 
that 
CMOS can drive TIL, 
but TIL 
can't 
drive 


CMOS. The incompatibility is that the TIL 
circuit's 


VOH level is too low to reliably be recognized by the 
CMOS circuit as a valid VIH. 


Since HMOS circuits were designed to be TIL-compat- 
ible, they have the same incompatibility. 


Fortunately, 74HCT-series circuits are available to ease 
these interfacing problems. They have TIL-compatible 
logic levels at the inputs and standard CMOS levels at 
the outputs. 


The 8OC5IBH is designed to work with either TIL or 
CMOS. Therefore its logic levels are specified very 
much like 74HCT circuits. That is, its input logic levels 
are TIL-compatible, 
and its output characteristics are 


like standard high-speed CMOS. 


One of the major reasons for going to CMOS has tradi- 
tionally been that CMOS is less susceptible to noise. As 
previously noted, its low susceptibility 
to noise is 


. 


VCC = 5V 
Logic State 


74HC 
74HCT 
LSTTL 
8051 
80C51BH 


VIH 
3.51/ 
2.0V 
2.0V 
2.0V 
1.9V 


VIL 
1.01/ 
0.8V 
0.8V 
0.8V 
0.9V 


VOH 
4.9'1 
4.9V 
2.7V 
2,4V 
4.5V 


VOL 
0.1'1 
0.1V 
0.5V 
0,45V 
0.45V 


Figure 1. Logic Level Comparison. 
(Output voltage 
levels depend 
on load current. 


Data sheets 
list guaranteed 
output levels for several load currents. 
The output 
levels listed here are for minimum 
loading.) 
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partly due to superior noise margins, and partly due to 
its slow speed. 


Noise margin is the difference between VOL and VII" 
or between VOH and Vrn. IfVOH 1rom a driving cir- 
cuit is 2.7V and Vrn to the driven circuit is 2.0V, then 
the driven circuit has 0.7V of noise margin at the logic 
high level. These kinds of compariaons show that an 
al1-CMOS system has wider noise margins than an aU- 
TTL system. 


Figure 2 shows noise margins in CMOS and LS TTL 
systems when both have Vee = 5V. It can be seen that 
CMOS/CMOS 
and CMOS/CHMOS 
systems have an 


edge over LS TTL in this respect. 


Noise margins can be misleading, however, because 
they don't say how much noise energy it takes to induce 
in the circuit a noise voltage of suffi.cientamplitude to 
cause a logic error. This would involve consideration of 
the width of the noise pulse as compared with the cir- 
cuit's response speed, and the imJ:edance to ground 
from the point of noise introduction in the circuit. 


When these considerations are included, it is seen that 
using the slower 74C- and 4OOO-seriescircuits with a 12 
or 15V supply voltage does offer a truly improved level 
of noise immunity, but that high-speed CMOS at 5V is 
not significantly better than TTL. 


One should not mistake the wider supply voltage toler- 
ance of high-speed CMOS for Vec glitch immunity. 
Supply voltage tolerance is a DC rating, not a glitch 
rating. 


For any clocked CMOS, and most especial1yfor VLSI 
CMOS, Vee 
decoupling is critical. CHMOS draws 


Noise' Margin for 


Interface 
Vc;c = 5V 


Logic Low 
Logic High 


VIL -VOL 
VOH-VIH 


74HCto 
74HC 
0.9V 
1.4V 


LSTTL to LSTTL 
0.3V 
0.7V 


LSTTL to 74HCT 
0.3V 
0.7V 


LSTTL to 80C51 BH 
0.3V 
0.7V 


74HC to 80C51 BH 
0.8V 
3.0V 


80C51 BH to 74HC 
0.8V 
1.0V 


Figure 2. Noise Margins for CMOS 
and LS TTL Circuits 


current in extremely sharp spikes at the clock edges. 
The VHF and UHF components of these spikes are not 
drawn from the power supply, but from the decoupling 
capacitor. If the decoupling circuit is not sufficiently 
low in inductance, Vee will glitch at each clock edge. 
We suggest that a 0.1 1J.Fdecoupler cap be used in a 
minimum-inductance configuration with the microcon- 
trol1er. A minimum-inductance 
configuration 
is one 


that minimizes the area of the loop formed by the chip 
(Vee to Vss), the traces to the decoupler cap, and the 
decoupler cap. PCB designers too often fail to under- 
stand that if the traces that connect the decoupler cap 
to the Vee and Vss pins aren't short and direct, the 
decoupler loses much of its effectiveness. 


Overshoot and ringing in signal lines are potential 
sources of logic upsets. These can largely be control1ed 
by circuit layout. Inserting small resistors (about 100f!.) 
in series with signal lines that seem to need them will 
also help. 


The sharp edges produced by high-speed CMOS can 
cause RFI problems. The severity of these problems is 
largely a function of the PCB layout. We don't mean to 
imply that all RFI problems can be solved by a better 
PCB layout. It may well be, for example, that in some 
RFI-sensitive designs high-speed CMOS is simply not 
the answer. But circuit layout is a critical factor in the 
noise performance of any electronic system, and more 
so in high-speed CMOS systems than others. 


Circuit layout techniques for minimizing noise suscepti- 
bility and generation are discussed in References 3 
through 6. 


CMOS input pins should not be left to float, but should 
always be pulled to one logic level or the other. If they 
float, they tend to float into the transition region be- 
tween 0 and I, where the pullup and pulldown devices 
in the input buffer are both conductive. This causes a 
significant increase in Ice. 
A similar effect exists in 


HMOS circuits, but with less noticeable results. 


In 80C5IBH and 80C31BH designs, unused pins of 
Ports I, 2, and 3 can be ignored, because they have 
internal pullups that will hold them at a valid Logic I 
level. Port 0 pins are different, however, in not having 
internal pullups (except during bus operations). 


When the 80C5IBH is in reset, the Port 0 pins are in a 
float state unless they are externally pulled up or down. 
If it's going to be held in reset for just a short time, the 
transient float state can probably be ignored. When it 
comes 
out 
of 
reset, 
the 
pins 
stay 
afloat 
unless 
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they are externally pulled either up or down. Alterna- 
tively, the software can internally write Osto whatever 
Port 0 pins may be unused. 


The 
same 
considerations 
art: 
applicable 
to 
the 


8OC31BH with 
regards 
to 
reset. 
But 
when 
the 


8OC31BH comes out of reset, it commences bus opera- 
tions, during which the logic levels at the pins are al- 
ways well defined as high or low. 


Consider the 8OC31BH in the Power Down or Idle 
modes, however. In those modes it is not fetching in- 
structions, and the Port 0 pins will float if not external- 
ly pulled high or low. The choice of whether to pull 
them high or low is the designer's. Normally it is suffi- 
cient to pull them up to VCC with 10k resistors. But if 
power is going to be removed from circuits that are 
connected to the bus, it will be aclvisableto pull the bus 
pins down (normally with 10k resistors). Considera- 
tions involved in selecting pullup and pulldown resistor 
values are as follows. 


R 
...,.!Qh. 
.•.. !!L 


PO.x ~-- 
••.•.•---- 
E'r6:JIs'l 


Figure 3a. Conditions defining the minimum 
value for R. PO.X Is emitting I logic low. R must 
be large enough to not cause IOL to exceed 
data sheet specifications. 


R 
..-!!:L 
-'!!:!...., 


PO.xr-__ ---<~_.--E~~:~L 


VOH = VCC -(llll 
+ IIH) X R 


270068-2 


Figure 3b. Conditions defining the maximum 
value for R. PO.X Is In a high Impedance 
state. R must be small ell0ugh to keep 


YOH acceptably high. 


If a pullup resistor is to be used on a Port 0 pin, its 
minimum value is determined by IOL requirements. If 
the pin is trying to emit a 0, then it will have to sink the 
current from the pullup resistor plus whatever other 
current may be sourced by other loads connected to the 
pin, as shown in Figure 3a, while maintaining a valid 
output low (VOL). To guarantee that the pin voltage 
will not exceed 0.4SV, the resistor should be selected so 
that IOL doesn't exceed the value specified on the data 
sheet. In most CMOS applications, the minimum value 
would be about 2k n. 


The maximum value you could use depends on how 
fast you want the pin to pull up after bus operations 
have ceased, and how high you want the VOH level to 
be. The smaller the resistor the faster it pulls up. Its 
effect on the VOH level is that VOH = Vcc - 
(ILl + 


I1H) X R. ILl is the input leakage current to the Port 0 
pin, and I1H is the input high current to the external 
loads, as shown in Figure 3b. Normally VOH can be 
expected to reach 0.9 Vcc if the pullup resistance does 
not exceed about SOkn. 


If a pulldown resistor is to be used on a Port 0 pin, its 
minimum value is determined by VOH requirements 
during bus operations, and its maximum value is in 
most cases determined by leakage current. 


During bus operations the port uses internal pullups to 
emit Is. The D.C. Characteristics in the data sheet list 
guaranteed VOHlevels for given IOH currents. (The "-" 
sign in the IoH value means the pin is sourcing that 
current to the external load, as shown in Figure 4.) To 
ensure the VOH level listed in the data sheet, the resis- 
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Figure 4a. Conditions defining the minimum 


value for R. PO.X Is emitting a 1 In a bus 


operation. R must be large enough to not cause 


IOH to exceed data sheet specifications. 
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tor has to satisfy where 1m is the input high current to 
the external loads. 


When the pin goes into a high impedance state, the 
pulldown resistor will have to sink leakage current 
from the pin, plus whatever other current 
may be 


sourced by other loads connected to the pin, as shown 
in Figure 4b. The Port 0 leakage current is ILl on the 
data sheet. The resistor should be selected so that the 
voltage developed across it by the!.e currents will be 
seen as a logic low by whatever circuits are connected 
to it (including the 8OC5IBH). In CIJOS/CHMOS 
ap- 


plications, 50k n is normally a rea.sonable maximum 
value. 
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Figure 4b. Conditions defining the maximum 
value for R. PO.Xis in a high impedance state. 
R must be small enough to keep VOL 
acceptably low. 


DRIVE CAPABILITY 
OF THE 
INTERNAL 
PULLUPS 


There's an important difference between HMOS and 
CHMOS port drivers. The pins of Ports I, 2, and 3 of 
the CHMOS parts each have three pullups: strong, nor- 
mal, and weak, as shown in Figure 5. The strong pullup 
(p I) is only used during O-to-I transitions, to hasten the 
transition. The weak pullup (P2) is on whenever the bit 
latch contains a I. The "normal" 
pullup (p3) is con- 


trolled by the pin voltage itself. 


The reason that p3 is controlled by the pin voltage is 
that if the pin is being used as an input, and the external 
source pulls it to a low, then turning offp3 makes for a 
lower IlL. The data sheet shows an "ITL" specification. 
This is the current that p3 will source during the time 
the pin voltage is making its I-to-O transition. This is 
what IlL would be if an input low at the pin didn't turn 
p3 off. 


Note, however, that this p3 turn-off mechanism puts a 
restriction on the drive capacity of the pin if it's being 
used as an output. If you're trying to output a logic 
high, and the external load pulls the pin voltage below 
the pin's VmMIN spec, p3 might turn off, leaving only 
the weak p2 to provide drive to the load. To prevent 
this happening, you need to ensure that the load doesn't 
draw more than the IOH spec for a valid VOH. The idea 
is to make sure the pin voltage never falls below its own 
VmMIN specification. 


a 
FROM PORT 
LATCH 


The main reason for going to CMOS, of course, is to 
conserve power. (There are other reasons, but this is the 
main one.) Conserving power doesn't mean just reduc- 
ing your electric bill. Nor does it necessarily relate to 
battery operation, although battery operation without 
CMOS is pretty unhandy. The main reason for conserv- 
ing power is to be able to put more functionality into a 
smaller space. The reduced power consumption allows 
the use of smaller and lighter power supplies, and less 
heat being generated allows denser packaging of circuit 
components. Expensive fans and blowers can usually be 
eliminated. 


A cooler running chip is also more reliable, since most 
random and wearout failures relate to die temperature. 
And finally, the lower power dissipation will allow 
more functions to be integrated onto the chip. 


The reason CMOS consumes less power than NMOS is 
that when it's in a stable state there is no path of con- 
duction from Vcc to Vss except through various leak- 
age paths. CMOS does draw current when it's changing 
states. How much current it draws depends on how 
often and how quickly it change:; states. 
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Ical transitions. These current spikes are made up of 
two components. One is the current that flows during 
the transition time when pullup and pulldown FETs are 
both active. The average (DC) value of this component 
is larger when the transition times of the input signals 
are longer. For this reason, if the current draw is a 
critical factor in the design, slow rise and fall times 
should be avoided, even when the system speed doesn't 
seem to justify a need for nanosecond switching speeds. 


The other component is the current that charges stray 
and load capacitance at the nodes of a CMOS logic 
gate. The average value of this current spike is its area 
(integral over time) multiplied by its rep rate. Its area is 
the amount of charge it takes to raise the node capaci- 
tance, C, to Vcc. That amount of charge is just C x 
Vcc. So the average value of the current spike is C x 
Vcc x f, where f is the clock frequency. 


This component of current increases linearly with clock 
frequency. For minimal current draw, the 80C52BH-2 
is spec'd to run at frequencies as low as 500 kHz. 


Keep in mind, though, that other component of current 
that is due to slow rise and fall times. A sinusoid is not 
the optimal waveform to drive the XTALl pin with. 
Yet 
crystal 
oscillators, 
including 
the 
one 
on 
the 


8OC51BH, generate sinusoidal waveforms. Therefore, if 
the on-chip oscillator is being used, you can expect the 
device to draw more current at 500 kHz, than it does at 
1.5 MHz, as shown in Figure 6. If you derive a good 
sharp square wave from an external oscillator, and use 
that to drive XTALI, 
then the microcontroller 
will 


draw less current. But the external oscillator will prob- 
ably make up the difference. 


The 80C51BH has two power-saving features not avail- 
able in the HMOS devices. These are the Idle and Pow- 
er Down modes of operation. The on-chip hardware 
that implements these reduced power modes is shown 
in Figure 7. Both modes are invoked by software. 


INTERRUPT 
SERIALPORT 
TIMER/COUNTERS 
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Idle: In the Idle Mode (IDL = 0 in Figure 7), the CPU 
puts itself to sleep by gating off its own clock. It doesn't 
stop the oscillator. It just stops the internal clock signal 
from getting to the CPU. Since the CPU draws 80 to 90 
percent of the chip's power, shutting it off represents a 
fairly significant power savings. The:on-chip periperals 
(timers, serial port, interrupts, etc.) and RAM continue 
to function as normal. The CPU status is preserved in 
its entirety: the Stack Pointer, Program Counter, Pro- 
gram Status Word, Accumulator, and all other regis- 
ters maintain their data during Idle 


The Idle Mode is invoked by setting bit 0 (IDL) of the 
PCON register. PCON is not bit-addressable, so the bit 
has to be set by a byte operation, such as 


The PCON register also contains flag bits GFO and 
GFl, which can be used for any general purposes, or to 
give an indication if an interrupt occurred during nor- 
mal operation or during Idle. In this application, the 
instruction that invokes Idle also set:;one or both of the 
flag bits. Their status can then be checked in the inter- 
rupt routines. 


While the device is in the Idle Mode, ALE and PSEN 
emit logic high (VoJ{), as shown in Figure 8. This is so 
external EPROM can be deselected and have its output 
disabled. 


The port pins hold the logical states they had at the 
time the Idle was activated. If the device was executing 
out of external program memory, Port 0 is left in a high 
impedance state and Port 2 continues to emit the high 
byte of the program counter (using the strong pullups 
to emit Is). If the device was execUl:ingout of internal 
program memory, Ports 0 and 2 continue to emit what- 
ever is in the PO and P2 registers. 


There are two ways to terminate Idle. Activation of any 
enabled interrupt will cause the hardware to clear bit 0 
of the PCON register, terminating the Idle mode. The 
interrupt will be serviced, and following RETI the next 
instruction to be executed will be the one following the 
instruction that invoked Idle. 


The other way is with a hardware reset. Since the clock 
oscillator is still running, RST only needs to be held 
active for two machine cycles (24 oscillator periods) to 
complete the reset. Note that this exit from Idle writes 
1s to all the ports, initializes all SFRs to their reset 
values, and restarts program execution from location o. 


Power Down: In the Power Down Mode (PD = 0 in 
Figure 7), the CPU puts the whole chip to sleep by 
turning off the oscillator. In case it was running from 
an external oscillator, it also gates off the path to the 
internal phase generators, so no internal clock is gener- 
ated even if the external oscillator is still running. The 
on-chip RAM, however, saves its data, as long as Vee 
is maintained. In this mode the only Ice that flows is 
leakage, which is normally in the micro-amp range. 


The Power Down Mode is invoked by setting bit 1 in 
the PCON register, using a byte instruction such as 


While the device is in Power Down, ALE and PSEN 
emit lows (VOl), as shown in Figure 8. The reason they 
are designed to emit lows is so that power can be re- 
moved from the rest of the circuit, if desired, while the 
80CS5IBH is in its Power Down mode. 


The port pins continue to emit whatever data was writ- 
ten to them. Note that Port 2 emits its P2 register data 
even if execution was from external program memory. 


Pin 
Int,ernal Execution 
External Execution 


Idle 
Power Down 
Idle 
Power Down 


ALE 
1 
0 
1 
0 


PSENI 
1 
0 
1 
0 


PO 
SFR Data 
SFR Data 
High-Z 
High-Z 


P1 
SFR Data 
SFR Data 
SFR Data 
SFR Data 


P2 
SFR Data 
SFR Data 
PCH 
SFR Data 


P3 
SFR Data 
SFR Data 
SFR Data 
SFR Data 


Figure 8. Status of Pins in Idle and Power Down Modes. "SFR data" means the port pins emit their 
internal register data. "PCH" Is the high byte of the Program Counter. 
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Port 0 also emits its PO register data, but if execution 
was from external program memory, the PO register 
data is FF. The oscillator is stopped, and the part re- 
mains in this state as long as VCC is held, and until it 
receives an external reset signal. 


The only exit from Power Down is a hardware reset. 
Since the oscillator was stopped, RST must be held ac- 
tive long enough for the oscillator to re-start and stabi- 
lize. Then the reset function initializes all the Special 
Function Registers (ports, timers, etc.) to their reset 
values, and re-starts 
the program 
from location O. 
Therefore, timer reloads, interrupt enables, baud rates, 
port status, etc. need to be re-established. Reset does 
not affect the content of the on-chip data RAM. If VCC 
was held during Power Down, the RAM data is still 
good. 


The software-invoked Power Down feature offers a 
means of reducing the power consumption to a mere 
trickle in systems which are to remain dormant for 
some period of time, while retaining important data. 


The user should give some thought to what state the 
port pins should be left in during the time the clock is 
stopped, and write those values 1.0 the port latches be- 
fore invoking Power Down. 


If Vcc is going to be held to the entire circuit, one 
would want to write values to the port latches that 
would 
deselect 
peripherals 
before 
invoking 
Power 


Down. For example, if external memory is being used, 
the P2 SFR should be loaded with a value which will 
not generate an active chip select to any memory de- 
vice. 


In some applications, VCCto part of the system may be 
shut off during Power Down, so that even quiescent 
and standby currents are eliminated. Signal lines that 
connect to those chips must be brought to a logic low, 
whether the chip in question is CMOS, NMOS, or 
TTL, before Vcc is shut off to them. CMOS pins have 
parasitic pn junctions to Vceo which will be forward 
biased if Vcc is reduced to zero while the pin is held at 
a logic high. NMOS pins often have FETs that look 
like diodes to Vcc. TTL circuits may actually be dam- 
aged by an input high if Vcc = O. That's why the 
80C51BH outputs lows at ALE and PSEN during Pow- 
er Down. 


Figure 9 shows a circuit that can be used to turn Vcc 
off to part of the system during Power Down. The cir- 
cuit will ensure that the secondary circuit is not de-en- 
ergized until after the 80C31BH is in Power Down, and 
that the 8OC3lBH does not receive a reset (terminating 
the Power Down mode) before the secondary circuit is 
re-energized. Therefore, the program memory itself can 
be part of the secondary circuit. 


VCCl 
Cl 
f- 


lpl 


8OC31BH 
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RST 
R 
1)2 
P2.7 


P2.6 
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Figure 9. The 80C31BH 
dl!-energizes 
part of the circuit (VCC2) when It goes Into Power 
Down. 


Selections 
of Rand 
Q2 depend 
on VCC2 current 
draw. 
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In Figure 9, when VCCis switched on to the 8OC31BH, 
capacitor Cl provides a power-on reset. The reset func- 
tion writes Is to all the port pins. The 1 at P2.6 turns 
Ql on, enabling VCC to the secondary circuit through 
transistor Q2. As the 8OC31BHcomes out of reset, Port 
2 commences emitting the high byte of the Program 
Counter, which results in the P2.7 and P2.6 pins out- 
putting Os.The 0 at P2.7 ensures <:ontinuation of Vcc 
to the secondary circuit. 


The system software must now write a 1 to P2.7 and a 0 
to P2.6 in the Port 2 SFR, P2. Tnese values will not 
appear at the Port 2 pins as long a:;the device is fetch- 
ing instructions from external program memory. How- 
ever, whenever the 8OC31BH g0e5 into Power Down, 
these values will appear at the POT1t pins, and will shut 
ofTboth transistors, disabling Vcc 
l:O the secondary cir- 
cuit. 


Closing the switch SI re-energize!: the secondary cir- 
cuit, and at the same time sends a reset through C2 to 
the 80C31BH to wake it up. The diode Dl is to prevent 
Cl from hogging current from C2 during this second- 
ary reset. D2 prevents C2 from discharging through the 
RST pin when Vcc to the secondary circuit goes to 
zero. 
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Figure 10. Using Power MOSFETs 
to Control VCC2 


USING POWER 
MOSFETs 
to 
CONTROL 
VCC 


Power MOSFETs are gaining in popularity (and avail- 
ability). The easiest way to control Vcc is with a Logic 
Level pFET, as shown in Figure lOa. This circuit al- 
lows the full Vcc to be used to turn the device on. 
Unfortunately, 
power pFETs 
are not economically 


competitive with bipolar transistors of comparable rat- 
ings. 


Power nFETs are both economical and available, and 
can be used in this application if a DC supply of higher 
voltage is available to drive the gate. Figure lOb shows 
how to implement aVec 
switch using a power nFET 
and a (nominally) + 12V supply. The problem here is 
that if the device is on, its source voltage is + 5V. To 
maintain the on state, the gate has to be another 5 or 
IOV above that. The "12V" supply is not particularly 
critical. A minimally filtered, unregulated rectifier will 
suffice. 


Here we consider circuits that normally draw power 
from the AC line, but switch to battery operation in the 
event of a power failure. We assume that in battery 
operation high-current 
loads will be allowed to die 
along with the AC power. The system may continue 
then with reduced functionality, monitoring a control 
transducer, perhaps, or driving an LCD. Or it may go 
into a bare-bones survival mode, in which critical data 
is saved but nothing else happens till AC power is re- 
stored. 


In any case it is necessary to have some early warning 
of an impending power failure so that the system can 
arrange an orderly transfer to battery power. Early 
warning systems can operate by monitoring either the 
AC line voltage or the unregulated rectifier output, or 
even by monitoring the regulated DC voltage. 


Monitoring the AC line voltage gives the earliest warn- 
ing. That way you can know within one or two half-cy- 
cles of line frequency that AC power is down. In most 
cases you then have at least another half-cycle of line 
frequency before the regulated VCC starts to fall. In a 
half-cycle of line frequency an 8OC5lBH can execute 
about 5,000 instructions-plenty 
of time to arrange an 
orderly transfer of power. 


The circuit in Figure 11 uses a Zener diode to test the 
line voltage each half-cycle, and a junction transistor to 
pass the information on to the 8OC51BH. (Obviously a 
voltage comparator with a suitable reference source can 
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Figure 11. Power Failure Detector with Battery Backup. When AC power falls, 
VCC1 goes down and VCC21s held. 


perform the same function, if one prefers.) The way it 
works is if the line voltage reaches an acceptably high 
level, it breaks over Z I, drives Q I to saturation, and 
interrupts the 8OC5IBH. The interrupt would be tran- 
sition-activated, in this application. The interrupt serv- 
ice routine reloads one of the C51BH's timers to a value 
that will make it roll over in something between one 
and two half-cycles of line frequl:ncy. As long as the 
line voltage is healthy, the timer never rolls over, be- 
cause it is reloaded every half-cycle. If there is a single 
half-cycle in which the line voltage doesn't reach a high 
enough level to generate the interrupt, the timer rolls 
over and generates a timer interrupt. 


The timer interrupt then commences the transition to 
battery backup. Critical data needs to be copied into 
protected RAM. Signals to circuits that are going to 
lose power must be written to logic low. Protected cir- 
cuits (those powered by VCC2) thltt communicate with 
unprotected circuits must be deselt:cted. The microcon- 
troller itself may be put into Idle, 80 that it can contin- 
ue some level of interrupt-driven 
functionality, or it 
may be put into Power Down. 


Note that if the CPU is going to i:~vokePower Down, 
the Special Function Registers may also need to be cop- 
ied into protected RAM, since the reset that terminates 
the Power Down mode will also intialize all the SFRs 
to their reset values. 


The circuit in Figure II does not show a wake-up 
mechanism. A number of choices are available, howev- 
er. A pushbutton could be used to generate an inter- 
rupt, if the CPU is in Idle, or to lctivate reset, if the 
CPU is in Power Down. 


Automatic wake-up on power restoration is also possi- 
ble. If the CPU is in Idle, it can continue to respond to 
any interrupts that might be generated by QI. The in- 
terrupt service routine determines from the status of 
flag bits GFO and GFI in PCON that it is in Idle be- 
cause there was a power outage. It can then sample 
VCCI through a voltage comparator similar to ZI, QI 
in Figure II. A satisfactory level of Vcc I would be 
indicated by the transistor being in saturation. 


But perhaps you can't spare the timer that is the key to 
the operation of the circuit in Figure II. In that case a 
retriggerable one-shot, triggered by the AC line voltage, 
can perform essentially the same function. Figure 12 
shows an example of this type of power failure detector. 
A retriggerable one-shot (one half of a 74HC123) moni- 
tors the AC line voltage through transistor QI. QI re- 
triggers the one-shot every half-cycle of line frequency. 
If the output pulse width is between one and two half- 
cycles of line frequency, then a single missing or low 
half-cycle will generate an active low warning flag, 
which can be used to interrupt the microcontroller. 


The interrupt routine takes care of the transition to 
battery backup. From this point Vccl 
mayor may not 
actually drop out. The missing half-cycle of line voltage 
that caused the power down sequence may have been 
nothing more than a short glitch. If the AC line comes 
back strong enough to trigger the one-shot while Vccl 
is still up (as indicated by the state of transistor Q2), 
then the other half of the 74HCI23 
will generate a 
wake-up signal. 
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Figure 12. Power Failure Detector uses retrlggerable 
one-shots to flag Impending power outage and 
genel'ate automatic wake-up when power returns. 


Having been awakened, the 80C5111Hwill stay awake 
for at least another half-cycle of line frequency (another 
5,000 or so instructions) before possibly being told to 
arrange another transfer of power. Consequently, if the 
line voltage is jittering erratically lLround the switch- 
over point (determined by diode Zl), the system will 
limp along executing in half-cycle units of line frequen- 
cy. 


On the other hand, if the power outage is real and 
lengthy, Vcc 1 will eventually fall below the level at 
which the backup battery takes over. The backup bat- 
tery maintains power to the 8OC51BH, and to the 
74HC123, and to whatever other circ:uitsare being pro- 
tected during this outage. The battery voltage must be 
high 
enough 
to 
maintain 
VCCMIN 
specs to 
the 
80C5IBH. 


If the microcontroller is an 8OC31BH, executing out of 
external ROM, and if the C31BH is put into Idle dur- 
ing the power outage, then the external ROM must also 
be supplied by the battery. On the other hand, if the 
C3IBH 
is put into Power Down cluring the outage, 
then the ROM can be allowed to die with the AC pow- 
er. The considerations here are the S2meas in Figure 9: 
VCCto the ROM is still up at the time Power Down is 
invoked, and we must ensure (through selection of di- 
ode Z2 in Figure 12) that the 80C31BH is not awak- 
ened till ROM power is back in spec. 


Battery backup systems need to have a way for the 
protected circuits to draw power from the line-operated 
power supply when that source is available, and to 
switch over to battery 
power when required. 
The 
switchover circuit is simple if the entire system is to be 
battery powered in the event of a line power outage. In 
that case a pair of diodes suffice, as shown in Figure 12, 
provided VCCMIN specs are still met after the diode 
drop has been subtracted 
from its respective power 
source. 


The situation becomes more complicated when part of 
the circuit is going to be allowed to die when the AC 
power goes out. In that case it is difficult to maintain 
equal Vccs to protected and unprotected circuits (and 
possibly dangerous not to). 


The problem can be alleviated by using a Schottky di- 
ode instead of a lN400l, for its lower forward voltage 
drop. The lN5820, for example, has a foward drop of 
about O.35V at lA. 


Other solutions are to use a transistor or power MOS- 
FET switch, as shown in Figure 13. With minor modifi- 
cations this switch can be controlled by port pins. 
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Figure 13. Power Switc:hover Ckts. 


The 27C64 and 87C64 are Intel's 8K byte CHMOS 
EPROMs. 
The 27C64 requires an external address 


latch, and can be used with the 8OC31BH as shown in 
Figure 
14a. In most 8031 + 2764 (HMOS) appli- 


cations, the 2764's Chip Enable (CE) pin is hardwired 
to ground (since it's normally the only program memo- 
ry on the bus). This can be done with the CHMOS 
versions as well, but there is some advantage in con- 
necting CE to ALE, as shown in Figure 14a. The ad- 
vantage is that if the 8OC31BH is put into Idle mode, 
since ALE goes to a I in that mode, the 27C64 will be 
deselected and go into a low current standby mode. 


The timing waveforms for this configuration are shown 
in Figure l4b. In Figure 14b the signals and timing 
parameters in parenthesis are those of the 27C64, and 
the others are of the 8OC3IBH, except Tprop is a pa- 
rameter of the address latch. The requirements for tim- 
ing compatibility are 


TAVIV - Tprop > tACC 
TLLlV> 
tCE 
TPLlV> tOE 
TPXIZ> tDF 


If the application is going to use the Power Down mode 
then we have another consideration: In Idle, ALE = 
PSEN = I, and in Power Down, ALE = PSEN = O. 
In a realistic application there are likely to be more 
chips in the circuit than are shown in Figure 14, and it 
is likely that the nonessential ones will have their Vcc 
removed while the CPU is in Power Down. In that case 
the EPROM and the address latch should be among 
the chips that have Vcc removed, and logic lows are 
exactly what are required at ALE and PSEN. 


But if Vcc is going to be maintained to the EPROM 
during Power Down, then it will be necessary to de- 


(tACC) 


TAVIV 


Figure 14b. Timing Waveforms for 80C31BH + 
27C64 


select the EPROM when the CPU is in Power Down. If 
Idle is never invoked, CE of the EPROM can be con- 
nected to P2.7 of the 8OC3lBH, ai shown in Figure 
l5a. In normal operation, P2.7 will be emitting the 
MSB of the Program Counter, which is 0 if the pro- 
gram contains less than 32K of code. Then when the 
CPU goes into Power Down, the Port 2 pins emit P2 
SFR data, which puts a 1 at P2.7, thus deselecting the 
EPROM. 


If Idle and Power Down are both going to be used, CE 
of the EPROM can be driven by the logical OR of ALE 
and P2.7, as shown in Figure l5b. In Idle, ALE = 1 
will deselect the EPROM, and in Power Down, P2.7 = 
1 will deselect it. 
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Figure 15. Modifications 
to 80C31BH/27C64 
Interface 


Pulldown resistors are shown in Figure l4a under the 
assumption that something on the bu.sis going to have 
its Vcc removed during Power Down. If this is not the 
case, pullups can be used as well as pulldowns. 


The 87C64 is like the 27C64 except that it has an on- 
chip address latch. The Port 0 pins are tied to both 
address and data pins of the 87C64, as shown in Figure 
l6a. ALE drives the EPROM's ALE/CS input. During 
ALE high, the address information is allowed to flow 
into the EPROM and begin accessing the code byte. On 
the falling edge of ALE the address byte is internally 
latched. The AO-A7 inputs are then ignored and the 
same bus lines are used to transmit the fetched code 
byte from the 00-07 
pins back to the 8OC3lBH. 


The timing waveforms for this configuration are shown 
in Figure l6b. In Figure l6b the signals and timing 
parameters in parentheses are those of the 87C64, and 
the others are of the 8OC3IBH. The requirements for 
timing compatibility are 


The same considerations apply to the 87C64 as to the 
27C64 with regards to the Idle and Power Down 
modes. Basically you want CS 
1 if Vcc is main- 


tained to the EPROM, and CS = OE = 0 if Vcc is 
removed. 


There are many different kinds of keyboards, but alpha- 
numeric keyboards generally consist of a matrix of 8 
scan lines and 8 receive lines as shown in Figure 17. 
Each set of lines connects to one port of the microcon- 
troller. The software has written Os to the scan lines, 
and Is to the receive lines. Pressing a key connects a 
scan line to a receive line, thus pulling the receive line 
to a logic low. 


The 8 receive lines are ANDed to one of the external 
interrupt pins, so that pulling any of the receive lines 
low generates an interrupt. The interrupt service rou- 
tine has to identify the pressed key, if only one key is 
down, and convert that information to some useful out- 
put. If more than one key in the line matrix is found to 
be pressed, no action is taken. (This is a "two key lock- 
out" scheme.) 


On some keyboards, certain keys (Shift, Control, Es- 
cape, etc.) are not a part of the line matrix. These keys 
would connect directly to a port pin on the microcon- 
troller, and would not cause lock-out if pressed simulta- 
neously with a matrix key, nor generate an interrupt if 
pressed singly. 


Normally the microcontroller would be in idle mode 
when a key has not been presst:d, and another task is 
not in progress. Pressing a matrix key generates an in- 


terrupt, which terminates the Idle. The interrupt serv- 
ice routine would first call a 30 ms (or so) delay td 
debounce the key, and then set about the task ofidenti- 
fying which key is down. 


First, the current state of the receive lines is latched 
into an internal register. If a single key is down, all but 
one of the lines would be read as Is. Then Os are written 
to the receive lines and Is to the scan lines, and the scan 
lines are read. If a single key is down, all but one of 


PSEN 


TLLPL 
(tCOE) 


these lines would be read as Is. By locating the single 0 
in each set of lines, the pressed key can be identified. If 
more than one matrix key is down, one or both sets of 
lines will contain multiple Os. 


A subroutine is used to determine which of 8 bits in 
either set of lines is 0, and whether more than one bit is 
O. Figure 18 shows a subroutine (SCAN) which does 
that using the 8051's bit-addressing capability. To use 
the subroutine, move the line data into a bit-address- 
able RAM location named LINE, and call the SCAN 
routine. The number of LINE bits which are zero is 
returned 
in ZERO_COUNTER. 
If only one bit is 
zero, its number (I through 8) is r,~turned in ZERO_ 
BIT. 


The interrupt 
service routine tha1 is executed in re- 


sponse to a key closure might then be as follows: 


CALL 
MOV 
CALL 
DJNZ 
MOV 
MOV 
MOV 
MOV 
CALL 
DJNZ 
XCH 
SWAP 
ORL 
XCH 
MOV 
MOV 
REJECT: 
CLR 
RETI 


DEBOUNCE_DELAY 
LINE,PI; 
;See Figure 
SCAN 
ZERO_COUNTER, REJECT 
ADDRESS, ZERO_BIT 
P2,#OFFH; 
;See Figure 
PI,#O 
LINE,P2 
SCAN 
ZERO_COUNTER,REJECT 
A, ZERO_BIT 
A 
ADDRESS,A 
A, ZERO_BIT 
PI,#OFFH 
P2,#O 
EXO 


rC 


'-- 
8OC51BH 
-../ 


P1 
P2 


INTO 


inter 


SCAN: 
MOV 
ZERO_COUNTER 
•• O 
ZERO_COUNTER 
counts 
·the 
number 
o' 
O. 
In LINE. 
JB 
LINE. o. ONE 
Test 
LINE 
bit 
O. 
INC 
ZERO_COUNTER 
U 
LINE 
0 
- 
O. 
increment 
ZERO_COUNTER 


MOV 
ZERO_BIT. 
_I 
.ndrecord 
that 
lin. 
number 
I 
I. active. 


ONE: 
JB 
LINE. 
I. TWO 
PT'ocedure 
continues 
'or 
other 
LINE 
bits. 
INC 
ZERO_COUNTER 


MOV 
ZERO_BIT 
•• 2 
Line 
number 
2 I. 
activ 
•. 
TWO: 
JB 
LINE. 
2. THREE 


INC 
ZERO_COUNTER 


MOV 
ZERO_BIT. *3 
Line 
number 
3 I. 
ac t i v •. 
THREE: 
JB 
LINE. 
3. FOUR 
INC 
ZERO 
COUNTER 


MOV 
ZERO:::BIT •• 4 
Line 
number 
4 I. active. 


FOUR: 
JB 
LINE. 
4. FIVE 
INC 
ZER030UNTER 
MOV 
ZERO_BIT 
•• 5 
Line 
number 
5 I. activ 
•. 
FIVE: 
JB 
.INE. 
5. SIX 


INC 
ZERO_COUNTER 


MOV 
ZERO_BIT 
•• 6 
Line 
number 
6 I. active. 


SIX: 
JB 
.INE. 
6. SEVEN 
INC 
ZERO_COUNTER 
MOV 
ZERO_BIT 
•• 7 
Line 
number 
7 I. activ 
•. 
SEVEN 
JB 
LINE. 
7. EIGHT 


INC 
ZERO_COUNTER 


MOV 
ZERO_BIT. 
_8 
Linlt 
number 
8 I. 
active. 
EIGHT: 
RET 
270068-19 


Figure 18.Subroutine SCAN Determines Which of 8 Bits In LINE is Zero 


Notice 
that 
RESPONSE 
TO 
KEY 
CLOSURE 


does not change the Accumulator, the PSW, nor any of 
the registers ROthrough R7. Neither do SCAN or DE- 
BOUNCE_DELAY. 


What we come out with then is a one-byte key address 
(ADDRESS) 
which identifies the pressed key. The 


key's scan line number is in the upper nibble of AD- 
DRESS, and its receive line number is in the lower 
nibble. ADDRESS can be used 
.<11 a look-up table to 
generate a key code to transmit to a host computer, 
and/or to a display device. 


The keyboard interrupt itself ml.st be edge-triggered, 
rather than level-activated, so that the interrupt routine 
is invoked when a key is pressed, and is not constantly 
being repeated as long as the key i>held down. In edge- 
triggered mode, the on-chip hardware clears the inter- 
rupt flag (EXO, in this case) as lhe service routine is 
being vectored to. In this applicati on, however, contact 
bounce will cause several more edges to occur after the 
service routine has been vectored to, during the DE- 
BOUNCE_DELAY 
routine. Consequently it is neces- 


sary to clear EXO again in software before executing 
RETI. 


The debounce delay routine also ulkes advantage of the 
Idle mode. In this routine a timer must be preloaded 
with a value appropriate to the de:;ired length of delay. 
This would be 


. 
(osc kHz) x (delay time ms) 


timer preload 
= 
12 


For example, with a 3.58 MHz oscillator frequency, a 
30 ms delay could be obtained using a preload value of 
- 8950, or DDOA, in hex digits. 


In the debounce delay routine (Figure 19), the timer 
interrupt is enabled and set to a higher priority than the 
keyboard interrupt, because as we invoke Idle, the key- 
board interrupt is still "in progress". An interrupt of 
the same priority will not be acknowledged, and will 
not terminate the Idle mode. With the timer interrupt 
set to priority I, while the keyboard interrupt is a prior- 
ity 0, the timer interrupt, when it occurs, will be ac- 
knowledged and will wake up the CPU. The timer in- 
terrupt service routine does not itself have to do any- 
thing. The service routine might be nothing more than 
a single RETI instruction. RETI from the timer inter- 
rupt service routine then returns execution to the de- 
bounce delay routine, which shuts down the timer and 
returns execution to the keyboard service routine. 


An LCD (Liquid Crystal Display) consists of a back- 
plane and any number of segments or dots which will 
be used to form the image being displayed. Applying a 
voltage (nominally 4 or 5V) between any segment and 
the backplane causes the segment to darken. The only 
catch is that the polarity of the applied voltage has to 
be periodically 
reversed, 
or else a chemical 
reac- 


inter 


DE.OUNCE_DELAY: 
IlOY 
TI.I. 
ULI 
PRELOAD ; 
IlOY 
TIll •• THIYRELOAD 
I 
SETS 
E"1I 
SETS 
P"1I 
SETS 
Till 
ORL 
Pt;ON •• 1 


P~.10.d low 
bVt 
•. 


P"el0.d 
high 
b~t •. 


Enabl. 
Time" 
1 int.rrupt. 


S.t 
Ti •• " 
1 
interrupt 
to 
high 
prioritv· 


St.rt 
time" 
running. 


I 
Invoke 
Idle 
.od •. 


I 
Stop 
the 
ti •• r. 


SAcll 
to 
prioritQ 
0 
(i' 
desired). 


Disabl. 
Timer 
1 
interrupt 
(if 
d •• ired)' 


Continue 
kevboard 
scan. 


tion takes place in the LCD which causes deterioration 
and eventual failure of the liquid crystal. 


To prevent this happening, the backplane and all the 
segments are driven with an AC si.gnal, which is de- 
rived from a rectangular voltage waveform. If a seg- 
ment is to be "off' it is driven by th(: same waveform as 
the backplane. Thus it is always at backplane potential. 
If the segment is to be "on" it is driven with a wave- 
form that is the inverse of the ba,:kplane waveform. 
Thus it has about 5V of periodically changing polarity 
between it and the backplane. 


With a little software overhead, the 8OC51BHcan per- 
form this task without the need for additional LCD 
drivers. The only drawback is that ,;:achLCD segment 
uses up one port pin, and the backpl.ane uses one more. 
If more than, say, two 7-segment digits are being driv- 
en, there aren't many port pins 11ft for other tasks. 
Nevertheless, 
assuming 
a 
given 
application 
leaves 


enough port pins available to SUppoltthis task, the con- 
siderations for driving the LCD are as follows. 


Suppose, for example, it is a 2-digit display with a deci- 
mal point. One port (TENS_DIGIT) 
connects to the 7 


segments of the tens digit plus the backplane. Another 
port (ONES_DIGIT) 
connects to II decimal point plus 


the 7 segments of the ones digit. 


One of the 8OC51BH's timers is us<:dto mark off half- 
periods of the drive voltage wavefOlm. The LCD drive 
waveform should have a rep rate between 30 and 100 
Hz, but it's not very critical. A half-period of 12ms will 
set the rep rate to about 42 Hz. The preload/reload 
value to get 12 ms to rollover is the 2's complement 
negative of the oscillator frequency in kHz: if the oscil- 
lator 
frequency 
is 3.58 MHz, 
the reload 
value is 


- 3580, or F204 in hex digits. 


Now, the 8OC51BH would normally be in Idle, to con- 
serve power, during the time that che LCD and other 


tasks are not requiring servicing. When the timer rolls 
over 
it 
generates 
an 
interrupt, 
which 
brings 
the 


8OC5lBH out of Idle. The service routine reloads the 
timer (for the next rollover), and inverts the logic levels 
of all the pins that are connected to the LCD. It might 
look like this: 


LCD_DRIVE_INTERRUPT: 
MOV 
TL1.#LOW( - XTAL_FREQ) 


MOV 
TH1.#HIGH( - XTAL_FREQ) 


XRL 
TENS_DIGIT.#OFFH 
XRL 
ONES_DIGIT.#OFFH 
RETI 


To update the display, one would use a look-up table to 
generate the characters. In the table, "on" segments are 
represented as Is, and "off' segments as Os.The back- 
plane bit is represented as a O.The quantity to be dis- 
played is stored in RAM as a BCD value. The look-up 
table operates on the low nibble of the BCD value, and 
produces the bit pattern that is to be written to either 
the ones digit or the tens digit. Before the new patterns 
can be written to the LCD, the LCD drive interrupt has 
to be disabled. That is to prevent a polarity reversal 
from taking place between the times the two digits are 
written. An update subroutine is shown in Figure 20. 


As was noted, 
driving 
an LCD 
directly 
with 
an 


8OC51BHuses a lot of port pins. LCD drivers are avail- 
able in CMOS to interface an 8OC51BH to a 4-digit 
display using only 7 of the C5lBH's I/O pins. Basical- 
ly, the C51BH tells the LCD driver what digit is to be 
displayed (4 bits) and what position it is to be displayed 
in (2 bits), and toggles a Chip Select pin to tell the 
driver to latch this information. The LCD driver gener- 
ates the display characters (hex digits), and takes care 
of the polarity reversals using its own RC oscillator to 
generate the timing. 


..•..• 
&\0£ 
.•••.• 
~J 
.U1VW>3 
au 
OV,-JIUfi 
wuclUng 
Wl1D 
an 
ICM72 I 1M to drive a 4-digit LCD, and the software 
that updates the display. 


One could equally well send information to the LCD 
driver over the bus. In that case', one would set up the 
Accumulator with the digit select and data input bits, 
and execute a MOVX@ RO,A instruction. The LCD 
driver's chip select would be driven by the CPU's WR 
signal. This is a little easier in software than the direct 
bit manipulation shown in Figw'e 21. However, it uses 
more I/O pins, unless there is already some external 
memory involved. In that case, no extra pins are used 
up by adding the LCD driver to the bus. 


Analog transducers are often USI:dto convert the value 
of a physical property, such as temperature, pressure, 
etc., to an analog voltage. Thes,~kinds of transducers 
then require an analog-to-digital converter to put the 
measurement into a form that is c:ompatiblewith a digi- 
tal control system. Another kind of transducer is now 
becoming available that encodes the value of the physi- 
cal property into a signal that ca:nbe directly read by a 
digital control system. These dl'vices are called reso- 
nant transducers. 


Resonant transducers are oscillators whose frequency 
depends in a known way on the physical property being 
measured. These devices output a train of rectangular 
pulses whose repetition rate encodes the value of the 
quantity being measured. The pulses can in most cases 
be fed directly into the 8OC51BH,which then measures 
either the frequency or period of the incoming signal, 
basing the measurement on the accuracy of its own 
clock oscillator. The 80C5lBH can even do this in its 
sleep; that is, in Idle. 


wnen tne trequency or penod measurement is complet- 
ed, the C5lBH wakes itself up for a very short time to 
perform a sanity check on the measurement and con- 
vert it in software to any scaling of the measured quan- 
tity that may be desired. The software conversion can 
include corrections for nonlinearities in the transduc- 
er's tra:nsfer function. 


Resolution is also controlled by software, and can even 
be dyna:mically varied to meet changing needs as a situ- 
ation becomes more critical. For exa:mple,in a process 
controller you can increase your resolution ("fme tune" 
the control, as it were) as the process approaches its 
target. 


The nominal reference frequency of the output signal 
from these devices is in the range of 20 Hz to 500 kHz, 
depending on the design. Transducers are available that 
have a full scale frequency shift 2 to 1. The transducer 
operates from a supply voltage range of 3V to 20V, 
which means it can operate from the same supply volt- 
age as the 8OC5IBH. At 5V, the transducer draws less 
than 5 mA (Reference 7). It can normally be connected 
directly to one of the C5lBH's port pins, as shown in 
Figure 22. 


Measuring a frequency means counting pulses for a 
known sample time. Two timer/counters 
can be used, 


one to mark off the sample time and one to count puls- 
es. If the frequency being counted doesn't exceed 50 
kHz or so, one may equally well connect the transducer 
signal to one of the external interrupt pins, and count 
pulses in software. That frees up one timer, with very 
little cost in CPU time. 


The count that is directly obtained is TxF, where T is 
the sample time and F is the frequency. The full scale 


UPDATE_LCD: 


CLR 
MDV 
MOV 
SWAP 
ANL 
MOVC 
MOV 
MOV 
ANL 
MOVC 
I10V 
MOV 
MOV 
SETB 
RET 


E:Tl 
[)PTR. nABLE_ADORESS 
I,. BCD_VALUE 
"lu _OFH 


~1I .A+DPTR 
lENS_OIGIT. 
A 
~" BCD_VALUE 
~ •• OFH 
~" •••• OPTR 
C. OECI MAL]OI 
NT 
~CC.7.C 
CNES_DIGIT. 
A 
ETl 
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LCD drive 
interrupt. 


Loolc-Up 
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begin 
•• 
t 
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Digit. 
to 
be 
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Mov. 
tens 
digit 
to 
low 
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"".sll 
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nibbl 
•. 


Ten. 
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to 
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be 
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digit 
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to 
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Add 
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to 
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Upd.te 
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point 


.nd 
one. 
digit. 


Re-en.b 
1. 
LCD dr ive 
interrup 
t. 


For example, 8-bit resolution in the measurement of a 
frequency that varies between 7 kHz and 9 kHz would 
require, according to this formula, a sample time of 128 
ms. The maximum acceptable frequency count would 
be 128 ms X 9 kHz = 
1152 counts. The minimum 


would be 896 counts. Subtracting 896 from each fre- 
quency count (or presetting the frequency counter to 
- 896 = OFC80H) would allow the frequency to be 
reported on a scale of 0 to FF in hex digits. 


Therefore the sample time required for n-bit resolution 
is 


2" 
T=---- 
Fmax-Fmin 
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MOV 
SETB 
SETB 
CALL 
CLR 
CALL 
MOV 
CLR 
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CALL 
CLR 
CALL 
RET 


SHIFT 
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RLC 
MOV 
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MOV 
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Figure 22. Resonant Transducer Does Not 
Require an AID COlwerter 


To implement the measurement, {)netimer is used to 
establish the sample time. The timer is preset to a value 
that causes it to roll over at the end of the sample time, 
generating an interrupt and waking the CPU from its 
Idle mode. The required preset value is the 2's comple- 
ment negative of the sample time measured in machine 
cycles. The conversion from sample time to machine 
cycles is to multiply it by 1/12 the clock frequency. For 
example, if the clock frequency is 12 MHz, then a sam- 
ple time of 128 ms is 


Then the required preset value to cause the timer to roll 
over in 128 ms is 


Note that the preset value is 3 bytes wide whereas the 
timer is only 2 bytes wide. This means the timer must 
be augmented in software in the timer interrupt routine 
to three bytes. The 8OC5IBH has a DJNZ instruction 
(decrement and jump if not zero) that makes it easier to 
code the third timer byte to count down instead of up. 
If the third timer byte counts down, its reload value is 
the 2's complement of what it would be for an up-coun- 
ter. For example, if the 2's complement of the sample 
time is FEOCOO,then the reload value for the third 
timer byte would be 02, instead of FE. The timer inter- 
rupt routine might then be: 


TIMER_INTERRUPT_ROUTINE: 
DNJZ 
THIRD_TIMER_BYTE.OUT 


MOV 
TLO.#O 
MOV 
THO.#OCH 
MOV 
THIRD_TIMERBYTE.#2 


MOV 
FREQUENCY.COUNTER_LO 


;Preset 
COUNTERto 
-896: 
MOV 
COUNTER_LO.#80H 
MOV 
COUNTER_.:ir.#OFCH 


OUT: 
RETI 


At this point the value of the frequency of the transduc- 
er signal, measured to 8 bit resolution, is contained in 
FREQUENCY. Note that the timer can be reloaded on 
the fly. Note too that the timer can be reloaded on the 
fly. Note too that for 8-bit resolution only the low byte 
of the frequency counter needs to be read, since the 
high byte is necessarily O. However, one may want to 
test the high byte to ensure that it is zero, as a sanity 
check on the data. Both bytes, of course must be re- 
loaded. 


Measuring the period of the transducer signal means 
measuring the total elapsed time over a known number, 
N, of transducer pulses. The quantity that is directly 
measured is NT, where T is the period of the transduc- 
er signal in machine 
cycles. The relationship between T 


in machine cycles and the transducer frequency F in 
arbitrary frequency units is 


Fxtal 
T = F x (1/12), 


where Fxtal is the 8OC51BH clock frequency, in the 
same units as F. 


The full scale range then is Nx (Tmax-Tmin). 
For 


n-bit resolution. 


Therefore the number of periods over which the elapsed 
time should be measured is 


2" 
N= 
---- 
Tmax-Tmin 


However, N must also be an integer. It is logical to 
evaluate the above formula (don't forget Tmax and 
Tmin have to be in machine cycles) and select for N the 
next higher integer. This selection gives a period mea- 
surement that has somewhat more than n-bit resolu- 
tion, but it can be scaled back if desired. 


For example, suppose we want 8-bit resolution in the 
measurement of the period of a signal whose frequency 
varies from 7.1 kHz to 9 kHz. If the clock frequency is 
12 MHz, then Tmax is (12000 kHz/7.1 kHz) x (1/12) 
= 141 machine cycles. Tmin is 111 machine cycles. 
The required value for N, then, is 256/(141-111) 
= 


8.53 periods, according to the formula. Using N = 9 
periods will give a maximum NT value of 141 x 9 = 
1269 machine cycles. The minimum NT will be III 
X 


9 = 999 machine cycles. A lookup table can be used to 


inter 


scale these values back to a range of 0 to 255, giving 
precisely the 8-bit resolution desired. 


To implement the measurement, one timer is used to 
measure the elapsed time, NT. The transducer is con- 
nected to one of the external interrupt pins, and this 
interrupt is configured to the transition-activated mode. 
In the transition-activated mode every I-to-O transition 
in the transducer output will generate an interrupt. The 
interrupt routine counts transducer pulses, and when it 
gets to the predetermined N, it reads and clears the 
timer. For the specific example cited above, the inter- 
rupt routine might be: 


INTERRUPT_RESPONSE: 
DJNZ 
N,OUT 


MOV 
N,#9 


CLR 
EA 
CLR 
TRl 


MOV 
NT_LO,rLl 


MOV 
NT_HI,rHl 


MOV 
TL1,#9 


MOV 
TH1,#O 


SETB 
TRl 


SETB 
EA 
CALL 
LOOKUP_TABLE 


OUT: 
RETI 


In this routine a pulse counter N iHdecremented from 
its preset value, 9, to zero. When the counter gets to 
zero it is reloaded to 9. Then all interrupts are blocked 
for a short time while the timer is read and cleared. The 
timer is stopped during the read and clear operations, 
so "clearing" it actually means presetting it to 9, to 
make up for the 9 machine cycles that are missed while 
the timer is stopped. 


The subroutine LOOKUP_TABLE 
is used to scale 


the measurement back to the desired 8-bit resolution. It 
can also include built-in corrections for errors or non- 
linearities in the transducer's trans':er function. 


The subroutine uses the MOVC A, 
@ A + DPTR 


instruction to access the table, which contains 270 en- 
tries commencing at the l6-bit address referred to as 
TABLE. The subroutine must compute the address of 
the table entry that corresponds to the measured value 
of NT. This address is 


LOOKUP_TABLE: 
PUSH 
PUSH 
MOV 
ADD 
MOV 
MOV 


ACC 
PSW 
A,#LOW(TABLE-NTMIN) 
A,NT_J~O 
DPL,A 
A,#HIGH(TABLE-NMTIN) 


ADDC 
MOV 
CLR 
MOVC 
MOV 
POP 
POP 
RET 


A,NLHI 
DPH,A 
A 
A.@A+DTPR 
PERIOD,A 
PSW 
ACC 


At this point the value of the period of the transducer 
signal, measured to 8 bit resolution, is contained in PE- 
RIOD. 


The 8OC5lBH timers have an operating mode which is 
particularly suited to pulse width measurements, and 
will be useful in these applications if the transducer 
signal has a fixed duty cycle. 


In this mode the timer is turned on by the on-chip 
circuitry in response to an input high at the external 
interrupt pin, and offby an input low, and it can do this 
while the 80C5lBH is in Idle. (The "GATE" mode of 
timer operation is described in the Intel Microcontrol- 
ler Handbook.) The external interrupt itself can be en- 
abled, so the same l-to-O transition from the transducer 
that turns off the timer also generates an interrupt. The 
interrupt routine then reads and resets the timer. 


The advantage of this method is that the transducer 
signal has direct access to the timer gate, with the result 
that variations in interrupt response time have no effect 
on the measurement. 


Resonant transducers that are designed to fully exploit 
the GATE mode have an internal divide-by-N circuit 
that fixes the duty cycle at 50% and lowers the output 
frequency to the range of 250 to 500 Hz (to control 
RFI). The transfer function between transducer period 
and measurand is approximately linear, with known 
and repeatable error functions. 


The CHMOS version of the 8051 is architecturally 
identical with the HMOS version, but there are never- 
theless some important differences between them which 
the designer should be aware of. In addition, some ap- 
plications require interchangeability 
between HMOS 


and CHMOS parts. The differences that need to be con- 
sidered are as follows: 


External Clock Drive: To drive the HMOS 8051 with 
an external clock signal, one normally grounds the 
XTALI pin and drives the XTAL2 pin. To drive the 
CHMOS 8051 with an external clock signal, one must 
drive the XTALI pin and leave the XTAL2 pin uncon- 
nected. The reason for the difference is that in the 


HMOS 8051, it is the XTAL2 pin that drives the inter- 
nal clocking circuits, whereas in the CHMOS ve.rsion.it 
is the XTALI pin that drives the internal c10ckmg cIr- 
cuits. 


There are several ways to design an external clock drive 
to work with both types. For low clock frequencies (be- 
low 6 MHz), the HMOS 8051 can be driven in the same 
way as the CHMOS version, namely, through XTALI 
with Xl' AL2 unconnected. Another way is to drive 
both Xl' ALl and Xl' AL2; that is, drive Xl' ALl and 
use and external inverter to derive from XTALI a sig- 
nal with which to drive XTAL2. 


In either case, a 74HC or 74HCT circuit makes an ex- 
cellent driver for XTALI and/or XTAL2, because nei- 
ther the HMOS nor the CHMOS XTAL pins have 
TTL-like input logic levels. 


Unused Pins: Unused pins of POJ"tsI, 2 and 3 can be 
ignored in both HMOS and CHMOS designs. The in- 
ternal pullups will put them into a defined state. Un- 
used Port 0 pins in 8051 applicadons can be ignored, 
even if they're floating. But in 8CC5IBH applications, 
these pins should not be left afloat. They can be exter- 
nally pulled up or down, or th,~y can be internally 
pulled down by writing Osto them. 


8031180C31BH designs mayor 
may not need pullups 
on Port O. Pullups aren't needed for program fetches, 
because in bus operations the pins are actively pulled 
high or low by either the 8031 or the external program 
memory. But they are needed for the CHMOS part .if 
the Idle or Power Down mode is invoked, because m 
these modes Port 0 floats. 


Logic Levels: If Vcc is between 4.5V and 5.5V, an 
input signal that meets the HMOS 8051's input logic 
levels will also meet the CHMOS 80C51BH's input log- 
ic levels (except for XTALlIXTAL2 
and RST). For 
the same Vcc condition, the CHMOS device will reach 
or surpass the output logic levels of the HMOS deVice. 
The HMOS device will not necessarily reach the output 
logic levels of the CHMOS device. This is an important 
consideration 
if HMOS/CHMOS 
interchangeability 
must be maintained in an otherwi~,eCMOS system. 


HMOS 8051 outputs that have in1ernal pullups (Ports 
1,2, and 3) "typically" reach 4V or more ifIOH is zero, 
but not fast enough to meet timing specs. Adding an 
external pullup resistor will ensure the logic level, but 
still not the timing, as shown in Figure 23. If timing is 
an issue, the best way to interface HMOS to CMOS is 
through a 74HCT circuit. 


Idle and Power Down: The 
Idle and Power Down 
modes exist only on the CHMOS devices, but if one 


Figure 23. O-to-1 Transition 
Shows Unspec'd 
Delay (~t) in HMOS to 74HC Logic 


wishes to preserve 
the capability 
of interchanging 
HMOS and CHMOS 8051s the software has to be de- 
signed so that the HMOS parts will respond in an ac- 
ceptable manner when a CHMOS reduced power mode 
is invoked. 


For example, an instruction that invokes Power Down 
can be followed by a "JMP $": 


CLR 
EA 
ORL 
PCON.#2 
JMP 
$ 


The CHMOS and HMOS parts will respond to this 
sequence of code differently. The CHMOS part~ going 
into a normal CHMOS Power Down Mode, Will stop 
fetching instructions until it gets a hardware reset. The 
HMOS part will go through the motions of e~ecuting 
the ORL instruction, and then fetch the JMP mstruc- 
tion. It will continue fetching and executing JMP $ un- 
til hardware reset. 


Maintaining HMOS/CHMOS 
8051 interchangeability 
in response to Idle requires more planning. The HMOS 
part will not respond to the instruction that puts the 
CHMOS part into Idle, so that instruction needs to. be 
followed by a software idle. This would be an Idhng 
loop which would be terminated by the same conditions 
that would terminate 
the CHMOS's 
hardware 
Idle. 
Then when the CHMOS device goes into Idle, the 
HMOS version executes the idling loop, until either a 
hardware reset or an enabled interrupt is received. Now 
if Idle is terminated by an interrupt, execution for the 
CHMOS device will proceed after RETI from the in- 
struction following the one that invoked Idle. The in- 
struction following the one that invoked Idle is the 
idling loop that was inserted for the HMOS device. At 
this point, both the HMOS and CHMOS devices must 
be able to fall through the loop to continue execution. 


vile 
w"'y 
LU ",,-,meVe 
me aeslrea ellect 
IS to detlne a 
"fake" Idle flag, and set it just before going into Idle. 
The instruction that invoked Idle is followed by a soft- 
ware idle: 


SETB 
ORL 
JB 


IDLE 
PCON.#l 
IDLE. $ 


Now the interrupt that terminates the CHMOS's Idle 
must also break the software idle. It does so by clearing 
the "Idle" bit: 


CLR 
IDLE 
RET! 


Note too that the PCON register in the HMOS 8051 
contains only one bit, SMOD, whereas the PCON reg- 
ister in CHMOS contains SMOD plus four other bits. 
Two of those other bits are general purpose flags. Main- 
taining 
HMOS/CHMOS 
interchangeability 
requires 
that these flags not be used. 
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The serial port on the 8051 has been enhanced on the 
83C5lFA with the addition of two new features: Auto- 
matic Address Recognition and Framing Error Detec- 
tion. AutoMatic Address Recognition facilitates multi- 
processor communications by reducing CPU overhead. 
Framing Error Detection increases communication reli- 
ability by checking each reception for a valid stop bit. 


This Application Note explains how to use these new 
features with samples of code for typical applications. 
A section is also included which reviews how to set up 
the serial port for multiprocessor applications. 


MULTIPROCESSOR 
COMMUNICATIONS 


In applications where multiple controllers jointly per- 
form a task, the master controller must be able to com- 
municate selectively with individual nlaves. To do this, 
the master first identifies the target slave (or slaves) 
with an address byte and then transmits a block of data. 
The target slaves must be able to identify their own 
address before receiving any data bytes. 


The serial port on the 8051 provides a 9-bit mode to 
facilitate multiprocessor communication. 
The 9th bit 


allows the controller to distinguish between address 
and data bytes. In this mode, a total of 11 bits are 
received or transmitted: a start bit (0), 8 data bits (LSB 
first), a programmable 9th bit, and 
,1 stop bit (1). See 


Figure below. 


The 9th bit is set to 1 to identify address bytes and set 
to 0 for data bytes. A typical data stream is seen below: 


ADDRESS 
BYTE 
08 = 1 


DATA BYTE 
08 = 0 


DATA BYTE 
/ 
... 


08 = 0 


Initially the slave is set up to only receive address bytes. 
Once it receives its own address, the slave reconfigures 
itself to receive data. On the 8051 :lerial port, an ad- 
dress byte interrupts all slaves for an address compari- 
son. On the 83C5lFA, 
however, A.utomatic Address 
Recognition allows the addressed sl1ve to be the only 
one interrupted; that is, the address ;omparison occurs 
in hardware, not software. With this feature, the master 
controller can establish communication 
with one or 


more slaves without all the slaves ha.vingto respond to 
the transmission. 


yOO 


START BIT 


AUTOMATIC 
ADDRESS 
RECOGNITION 


Automatic Address Recognition reduces the CPU time 
required to service the serial port. Since the CPU is 
only interrupted when it receives its own address, the 
software overhead to compare addresses is eliminated. 
This would also effectively reduce the sophistication of 
the serial protocol when numerous controllers are shar- 
ing the same serial link. 


This same feature can also be used in conjunction with 
the Idle Mode to reduce the system's overall power 
consumption. For instance, a master may need to com- 
municate'with only one slave at a time. With all slaves 
in Idle Mode, only that one slave would be interrupted 
to respond to the master's transmission. Without Auto- 
matic Addressing, each slave would have to "wake up" 
to check for its address. Limiting the interruptions re- 
duces the amount of current drawn by the system and 
thus reduces the power consumption. 


In multiprocessor applications the serial port is config- 
ured in either of the 9-bit modes (Mode 2 or 3). Mode 2 
has a fixed baud rate whereas Mode 3 is variable. For 
more information on the different serial port modes re- 
fer to the "Serial Port Set Up" section. 


Automatic Address Recognition is enabled by setting 
the SM2 bit in SCaN. Each slave has its SM2 bit set 
waiting for an address byte (9th bit = 1). The Receive 
Interrupt (RI) flag will get set when the received byte 
corresponds to either a Given or Broadcast Address. 
The slave then clears its SM2 bit to enable reception of 
data bytes (9th bit = 0) from the master. 


The master can selectively communicate with groups of 
slaves by using the Given Address. Addressing 
all 


slaves at once is possible with the Broadcast Address. 
These addresses are defined for each slave by two new 
Special Function Registers: SADDR and SADEN. 


A slave's individual address is specified in SADDR. 
SADEN is a mask byte that defmes don't-cares to form 
the Given Address. These don't-cares allow flexibility 
in the user-defined protocol to address one or more 
slaves. The following is an example of how to define 
Given 
Addresses 
and 
selectively address 
different 


slaves. 


Slave 1 
SADDR 
1"111 
0001 
SADEN 
1"111 
1010 


GIVEN 
1 11 
OXOX 


Slave 2 
SADDR 
1111 
0011 
SADEN 
1111 
1001 


GIVEN 
1111 
OXX1 


The SADEN bytes have been selected such that bit I 
(LSB) is a don't-care for Slave I's Given Address, but 
bit I = I for Slave 2. Thus, to selectively communicate 
with just Slave I an address with bit I = 0 would be 
used (e.g. 1111סס OO). 


Similarly, bit 2 = 0 for Slave I, but is a don't-care for 
Slave 2. Now to communicate with just Slave 2 an ad- 
dress with bit 2 = I would be used (e.g. 1111 0111). 


Finally, to communicate with both slaves at once the 
address must have bit I = I and bit 2 = O. Notice, 
however, that bit 3 is a "don't-I~are" for both slaves. 
This allows two different addresses to select both slaves 
(1111 0001 or 1111 0101). If a third slave was added 
that required its bit 3 = 0, then the latter address could 
be used to communicate with Slave I and 2 but not 
Slave 3. 


The master can also communicate with all slaves at 
once with the Broadcast Address. It is formed from the 
logical OR of SADDR and SADEN with zeros defined 
as don't-cares. For example, the :Sroadcast address for 
Slave I would be formed as follows: 


SADDR = 111 I 
0001 =D- 


BROADCAST = 1111 
lXl1 


SADEN = 1111 
1010 
270490-2 


The don't-cares also allow flexibility in defining the 
Broadcast Address, but in most applications a Broad- 
cast Address will be OFFH. 


SADDR and SADEN are located at address A9H and 
B9H, respectively. On Reset, SADDR and SADEN are 
initialized to OOHwhich defines the Given and Broad- 
cast Addresses as XXXX XXXX (all don't-cares). This 
assures the 83C51FA serial port to be backwards com- 
patible with the other MCS«l-51 products which do not 
implement Automatic Addressing. 


Framing Error Detection is another new feature on 
83C51FA serial port which allows the receiving con- 
troller to check for valid stop bits in Modes I, 2, or 3. A 
missing stop bit can be caused, for example, by noise on 
the serial lines or transmission by two CPUs simulta- 
neously. 


If a stop bit is missing a Framing Error bit FE will be 
set. This bit can then be checked in software after each 
reception to detect communication errors. Once set, the 
FE bit must be cleared in software. A valid stop bit will 
not clear FE. 


The FE bit is located in SCON and shares the same bit 
address as SMO.To determine which is accessed, a new 
control bit called SMODO has been added in the PCON 
register (see figures below). If SMODO = 0, then ac- 
cesses to SCON.7 are to SMO. If SMODO = I, then 
accesses to SCON.7 are to FE. 


PCON: Power Control Register (Not Bit Addressable) 


ISMOD1ISMODO~ 


Address = 87H 


The following sections of code show examples of how 
to invoke Automatic Addressing and Framing Error 
Detection. Routines for both the slave and master are 
given. Code is also included to initialize both serial 
ports; however, for more information on setting up the 
serial port refer to the next section. 


For this example, the master and slave are transmit- 
ting/receiving at 9600 baud with a 12 MHz cryst~1fre- 
quency. To obtain this baud rate, the serial port is con- 
figured in Mode 3 and Timer 2 is used as the baud-rate 
generator. 


Listing I shows the initialization for the slave. Notice 
that Automatic Addressing and Framing Error Detec- 
tion are enabled. The Given and Broadcast addresses 
for this slave are taken from Slave I in the previous 
example. A temporary byte has also been defined to 
store the incoming data byte. 


The slave will remain in Idle Mode until it is interrupt- 
ed by its own address. At that point, it clears the SM2 


inter 


ORG 
OOH 
LJMP 
INIT 


ORG 
0023H 
LJMP 
SERIAL_PORT-INTERHUPT 


ORL PCON, #40H 
MOV RCAP2H, #OFFH 
MOV RCAP2L, #OD9H 
MOV T2CON, #34H 


Mode 3, enable Auto Addressing 
and reception 
FE bit accessed 
(SMODO = 1) 


Reload values for 9600 Baud 


Timer 2 set up, TR2 = 1 turns 
timer on 


INTERRUPTS: 
SETB EA 
SETB ES 
Enable global interrupt 
Enable serial port interrupt 


ADDRESSES: 
MOV SADDR, # 11110001 
MOV SADEN, # 11111010 
Define Given & Broadcast 
Addresses 
GIVEN 
= 11110XOX 
BROADCAST = lllllXll 


SERIAL_PORT 
INTERRUPT: 
PUSH PSW 
CLR RI 
RI set when address is 
recognized & must be cleared 
in software 
Reconfigure 
slave to receive 
data bytes 


RECEIVE_DATA: 
JNB RI, $ 
MOV C, SCON.7 
JC FRAMING_ERROH 
MOV TEMP, SBUF 


CLR RI 


Wait for RI to be set 
Check for framing error 


Receive data byte & store 
in temporary 
location 
Clear flag for next 
reception 
Re-enable Automatic 
Addressing 
POP PSW 
RETI 


FRAMING_ERROR: 
CLR SCON.7 
CLR C 


Error routine left up to 
the user 
POP PSW 
RETI 


inter 


GIVEN_l 
MESSAGE_l 
1l1l0001B 
30H 


MOV SCON, #ODOH 
MOV RCAP2H, 
#OFFH 
MOV RCAP2L, 
#OD9H 


MOV T2CON, #34H 


TRANSMIT_ADDRESS: 
CLR TI 
SETB TB8 


MOV SBUF, #GIVEN_l 
JNB 
TI, $ 


TRANSMIT_DATA: 


CLR TB8 


MOV SBUF, ME5SAGE_l 
JNB TI, $ 
CLR TI 


Mode 3, REN = 1 
9600 Baud 


Mark 1st byte as an address 
byte 
(9th bit = 1) 
Send address 
Wait for transmission 
complete 
Clear flag for next 
transmission 


Mark 2nd byte as a data 
byte 
(9th bit = 0) 
Send data byte 


bit to enable reception of data bytes. Depending 
on the 


user's protocol, 
more than one data byte may actually 


be received. This example, how!:ver, assumes only one 
byte of data follows each address byte. 


Listing 2 shows the receive routine. 
Notice that when 


the data 
byte is received, 
the :ioftware checks 
for a 


framing 
error. 
The error 
routine 
could, 
for example, 


send an error message to the maHer and ask the master 
to re-transmit 
the last message. JtJefore exiting the rou- 


tine the SM2 is set to I to reenable Automatic 
Address- 


ing. Once the slave has responded 
to the master's 
com- 


mand, 
it could also put itself back into Idle Mode to 


wait for the next message. 


The initialization 
routine for the master in Listing 3 is 


very similar to the slave. In this example, however, the 
master does not need Automatic 
Addressing; 
it is sim- 
ply transmitting 
address and data bytes. GIVEN_I 
is 


a byte 
to address 
the 
slave 
in the 
above 
example. 
MESSAGE_I 
is a register that contains the data byte 


sent to this slave. Its value is ar')itrary 
for the sample 


code. 


This section 
describes 
how to initialize 
the 83C51FA 


serial port for multiprocessor 
applications. 
Two differ- 


ent modes are available which provide 9-bit operation: 


Mode 2 which has a fixed baud rate and Mode 3 which 
has a variable baud rate. Baud rates can be generated 
by 
either 
Timer 
I 
or 
Timer 
2 
(available 
on 
the 


83C51FA but not the 8051). Deciding which mode and 
timer to use is determined 
by the desired baud rate and 


clock frequency 
of the particular 
application. 


Another 
consideration 
is the tolerance 
needed between 


serial ports. Since the serial port re-synchs 
its receiver 


at every start bit, only 8 or 9 bit-times 
are available to 


accumulate 
timing errors. As a result, the receiver and 


transmitter 
only have to be within about 
5% of each 


other's 
baud rate. Allowing 
equal error to both trans- 


mitter and receiver, only about 2% accuracy 
is actually 


needed. 


Following 
is a discussion 
of both Modes 2 and 3 and 


examples of how to program 
each. The mode selection 


bits (SMO and SMI) 
are located 
in SCON. The REN 


bit must also be set to enable reception. 


Address = 


Mode 
2 


98H 
SMO 
1 
SM1 
o 


Baud Rate 
Fosc/64 or 
Fosc/32 
Variable 


inter 


Frequency 
Desired Baud Rate 


,- 
12 
MHz 


,_375 kBaud 
_ 1/32 
(Osc Freq) 


Serial port Mode 2 
Automatic 
Addressing 
(5M2 = 1), 


:reception enabled 
(REN = 1) 
SMODl = 1 to double baud rate 


Mode 2 


Mode 2 uses a fixed baud rate of 1/32 or 1/64 of the 
oscillator frequency depending on the value of the 
SMODI bit in PCON. This mode basically offers a 
choice of two high-speed baud rates. With a 12 MHz 
clock frequency, baud rates of 187.5 kbaud or 375 
kbaud can be obtained. 


None of the timer/counters 
need t:>be set up for Mode 


2. Only the SFRs SCON and PCON need to be defined. 


PCON: Power Control Register (Not Bit Addressable) 
ISMOD1! 
SMOOO ~~I 
GFO IPO IIOL I 


Address = 87H 


2SMOD1X Osc Freq 
Mode2 Baud Rate = 
64 


SMOD1= 0, 
SMOD1= 1, 


Baud Rate = 1/64 Osc Freq 
Baud Rate = 1/32 Osc Freq 


Mode 3 


Mode 3 of the serial port has a variable baud rate gener- 
ated by either Timer I or Timer 2. The baud rate is 
generated by the rollover rate of the selected timer. The 
timer is operated in an auto-reload mode so it will roll 
over to the reload value selected in software. 


Baud rates based off Timer 2 have less granularity so 
that almost any baud rate can be obtained at a given 
clock frequency. However, Timer 1 is sufficient if the 
desired baud rate can be obtained at the specified clock 
frequency. Remember baud rates only need about 2% 
accuracy. 


To generate baud rates Timer I is usually configured in 
8-bit auto-reload mode (Mode 2). Tile mode select bits 


are MI and MOlocated in TMOD. To turn on Timer I 
the TRI bit in TCON must be set. Also, the Timer I 
interrupt should be disabled in this application so that 
when the timer overflows it does not generate an inter- 
rupt. 


TMOD: Timer/Counter 
Mode Control Register 


(Not bit addressable) 


Timer 1 
Address = 89H 


TCON: Timer/Counter 
Control Register 
(Bit addressable) 


The formula for calculating the baud rate is given be- 
low. THI is the reload value for Timer I when it over- 
flows. 


K = 1 ifSMOD1= o. 
K = 2 ifSMOD1= 1. (SMOD1is at peON.7) 


If the baud rate is known, the reload value THI can be 
calculated by: 


TH1 = 256 _ 
K x Osc Freq 
384 x BaudRate 


THI must be an integer value. Rounding off THI to 
the nearest integer may not produce the desired baud 
rate with the 2% accuracy required. In this case, anoth- 
er crystal frequency may have to be chosen. 


Refer to Table I for timer reload values for commonly 
used baud rates. 


Baud Rate 
Olse Freq 
SMOD1 
Timer 
1 


TMOD 
Reload 
Value 


62.5K 
12 MHz 
1 
20 
FFH 
19.2K 
11.06 MHz 
1 
20 
FDH 
9.6K 
11.06 MHz 
0 
20 
FDH 
4.8K 
11.06 MHz 
r 
0 
20 
FAH 
2.4K 
11.06MHz 
0 
. 
20 
F4H 
1.2K 
11.06 MHz 
0 
• 
20 
E8H 
300 
6MHz 
0 
20 
CCH 
110 
6MHz 
0 
20 
72H 


Frequency 
= 11.0 
MHz 
Desired 
Baud 
Rate 
= 19.2 
kBaud 


(2) x 
(11.0 
x 
106) 
= 256 
- 
------ 
(32) x (12) x (19200) 


= 253 = FDH 


MOV 
SCON, 
#OFOH 
Serial 
port 
Mode 
3, 
SM2 = 1, 
REN = 1 
ORL 
PCON, 
#80H 
SMODI = 1 
MOV 
TMOD, 
#20H 
Timer 
1 Mode 
2 
MOV 
THl, 
#OFDH 
Reload 
value 
for 
desired 
baud 
rate 
SETB 
TRI 
Turn 
on Timer 
1 


It can be seen that the exact frequency to generate the 
standard 
baud rates (19.2K, 9600, 4800, etc.) is 
11.06 MHz. However, it is not necessary to use this 
exact frequency. With a 2% tolerance any crystal value 
from 10.8 MHz to 11.3MHz is sufficient. 


Timer 2 has a special baud-rate generator mode which 
transmits and receives at the same baud rate. This 
mode is invoked by setting both the RCLK and TCLK 
bits in T2CON. To turn Timer 2 on the TR2 bit should 
also be set. 


Unlike Timer I, this mode does not require that the 
timer overflow interrupt be disabled. That is, when 
Timer 2 is in the baud-rate generator mode, its inter- 
rupt is disconnected from the Timer 2 overflow. This 


interrupt then becomes available as a third external in- 
terrupt. (For more information on external interrupts, 
refer to the chapter "Hardware Description of the 
8051" in the Embedded Controller Handbook.) 


T2CON: Timer/Counter 2 Control Register 
(Bit Addressable) 


This formula for calculating the baud rate is given be- 
low. (RCAP2H, RCAP2L) is the 16-bit reload value 
when Timer 2 overflows. 


where (RCAP2H, RCAP2L) is a 16-bit unsigned inte- 
ger. 


To obtain the reload value for RCAP2H and RCAP2L 
the above equation can be rewritten .:lS: 


(RCAP2H, RCAP2L) = 65536 - ~: 
Frdeq 
R 
32 x Bau 
ate 


Refer to Table 2 for reload values for commonly used 
baud rates. 


Notice that when using Timer 2, most standard baud 
rates can be obtained at 12 MHz. 


Table 2. Commonly 
Used Baud Rates 
Generated 
by Timer 2 


Baud Rate 
Osc Freq 
Timer 2 


RCAP2H 
RCAP2L 


375K 
12 MHz 
FF 
FF 
9.6K 
12 MHz 
FF 
09 
4.8K 
12 MHz 
FF 
B2 
2.4K 
12 MHz 
FF 
64 
1.2K 
12 MHz 
FE 
C8 
300 
12 MHz 
FB 
1E 
110 
12 MHz 
F2 
AF 
300 
6MHz 
FO 
8F 
110 
6MHz 
F9 
57 


Frequency 
= 12 MHz 
Desired 
Baud 
Rate 
= 9600 
Baud 


(12 
x 
106) 
35536 
- ------ 
(32) x (9600) 
= 
35497 = FFD9H 


MOV 
SCON, 
#OFOH 
Serial 
port 
Mode 
3, 
SM2 = 1, 
REN = 1 
MOV 
RCAP2H, 
#OFFH 
Reload 
values 
for 
desired 
MOV 
RCAP2L, 
#OD9H 
baud 
rate 
MOV 
T2CON, 
#34H 
Timer 
2 as baud 
rate 
generator, 
turn 
on Timer 
2 


inter 
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I. RFsoNANTTRANWUCF.RS 
M 
OST 
sensing transducers are not directly compatible 
with digital controllers. 
because they generate analog 


signals. A few transducer companie,. are developing proprie- 
tary families of sensors which generate signals that are more 
directly compatible with digital systems. These are nol analog 
sensors with built-in A-D conversion. but oscillators whose 
frequency 
depends 
in some knowil way on the physical 
propeny being measured. 
The technology 
is applicable 
to vinually 
any type of 
measurand: 
pressure, 
gas density. 
position. 
temperature. 


force. etc. The sensor and microcontroller can operate from 
the same supply voltage, so the sensor can in most cases 
connect directly to a pon pin on the microcontroller. 


The nominal reference frequency of the output signal from 
these devices is in the range of 20 Hz-500 kHz. depending on 
the design. 
A change 
in the measurand 
away 
from the 
reference condition causes the frequency to shili by an amount 
that 
is related 
to the 
change 
in the 
measurand 
value. 


Transducers are available that have a full-scale frequency shift 
of 2-1. The microcontrollcr detects the change in frequency or 
period and convens it in sofiware III the mcasurand value. 


II. CONNF.ClIN(;IHF.Dl<ilTAI.TRA"llllnR 
1'0 IHF.8051 


Normally the transducer output ,'an be connected directly to 


one of the 8051 pun pins. An exception would occur when the 


transducer signal does not restrict itsclf to the voltage range of 
-0,5 
to +5.5 V. 
The 8051 is not sensitive to the rise and fall times of its input 


signals. It detects transitions by sampling its pon pins at fixed 
intervals (once per machine cycle). and responds to a change 
in the sequence of samples. If the slew rate of the transducer 
signal is extremely slow, noise superimposed on the signal 
could cause the sequence of samples to show false transitions. 
There 
could on that account 
be situations 
in which the 


transducer signal should be buffered through a Schmiu Trigger 
to square it up. 


III. TIMFRiCoUNTFR 
STRUCTURF 
INTHF8051 


The 8051 has two 16-bit timer/counters: Timer 0 and Timer 


I. Both can be configured in software to operate either as 
timers or as event counters. 
- 


In the 
"timer" 
function, 
the register 
is automatically 


incremented every machine cycle. Since a machine cycle in 
the 8051 consists of 12 clock periods, 
the timer is being 


incremented at a constant rate of 1/12 the clock frequency. 


In the "counter" 
function, the register is incremented in 


response to a I-to-o transition at its corresponding external 
input pin (1ll or T1). The way this function works is the 
external input pin is sampled once each machine cycle (once 
every 12 clock periods), and when the samples show a high in 
one cycle and a low in the next. the count is incremented. 


Note too that since it takes two machine cycles (24 clock 


periods) to recognize a I-to-o transition, the maximum count 
rate is 1/24 the clock frequency. If the clock frequency is 12 
MHz. the maximum count rate is 500 kHz. There are no 
requirements on the duty cycle of the' signal being counted. 


The 8052. an enhanced version of the 8051. has three 16-bit 


timer/counters. two of which are identical to those in the 8051. 
The third timer/counter can operate either as a 16-bit timer/ 
counter with automatic reload to a preset 
16-bit value on 


rollover, or as a 16-bit timer/counter with a "capture" 
mode. 


In the capture mode a I-to-O transition at the T2EX pin causes 
the current value in the counting register to the "captured" 
into RAM. The third timer makes the 8052 panicularly easy to 
interface with resonant transducers. 


IV. WHF.THF.R 
TOMFAsURFFRFQUF.NCY 
ORPFRIOl.l 


Measuring 
the 
frequency 
requires 
counting 
transducer 


pulscs for a fixed sample time. Measuring the period requires 
measuring elapsed time for a fixed number of transducer 
pulses. For a given level of accuracy in the determination of 
the value of the measurand, it is usually faster to measure the 
period. rather than the frequency, even if the measurand is 
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intJ 


proponional to frequency rather thall period. However, both 
types of measurements will be discussed here. 


Two timer/counters can be used, one to mark time and the 


oIher to count transducer 
pulses. 
If the frequency being 


counted does no! exceed 50 kHz or 110, one may equally well 
connect the transducer signal to an euemal 
interrupt pin, and 


count transducer pulses in software. 1I'hatfrees one timer. with 
very Iinle cost in CPU time. 


V. How TOMEASURETRANSDUCER 
FREQUENCY 


Measuring the frequency means ccunting transducer pulses 


for some desired sample time. Th,: count that is directly 
obtained is T x F, where T is the sample time and F is the 
frequency. The full scale range is T x (Fmax - Fmin). For 
n-bit resolution 


Tx (Fmu _.Fmin) 
I LSB- 
. 
2- 


2- 


Fmu-Fmill 


For 
example, 
8-bit resolution 
in l:he measurement 
of a 


frequency that varies between 5 and 10 kHz would require. 
according to this formula, a sample time of 51.2 ms. The 
maximum accep«able frequency count would be 51.2 ms x 10 
kHz = 
512 counts. The minimum would be 256 counts. 
Subtracting 256 from each frequency count would allow the 
frequency to be reponed on a scale 0f 0 to FF in hex digits. 


If Fmin and Fmax are closer together it takes more time to 


resolve 
them. 
8-bit resolution 
in the measurement 
of a 


frequency that varies between 7 and 9 kHz would require a 
sample 
time of 
128 ms. 
The 
muimum 
and minimum 


ac<:ep«ablecounts would be 1152 anel 896. Subtracting 896 
from each frequency count would allow the frequency to be 
reponed on a scale of 0 to FF in hex digits. 
To implement the measurement, 
one timer is used to 


eSlllblish the sample time. In this function it autoincrements 
every machine cycle. A machine cycll: consists of 12 periods 
of the clock oscillator. The sample tirne can be convened to 
machine cycles by multiplying it by (Fxtal)/12, where Fxtal is 
the 805I clock frequency. The timer lIl:edsto be preset so that 
it rolls over at the end of each sample time. Then it generates 
an interrupt, and the interrupt routine reads and clears the 
transducer pulse counter, and then reklads the timer with the 
correct preset value. 
The preset or reload value is the two's complement negative 


of the sample time in machine cycles. For example, with a 12- 
MHz clock frequency, the reload value required to establish a 
51.2 ms sample time is 


(51.2 ms) x (12000 kHz) 


12 


In many cases the required sample time ,:xceeds the capacity of 
a l6-bit timer. For example. esrablishing a 128 ms sample 
time with a 12-MHz clock frequency r,:quires a 3-byte timer 
with a reload of FEOCOOH.The 8051 timer, being only 2- 


bytes wide, can be augmented 
in software 
in the timer 


interrupt 
routine to three bytes. 
The 8051 has a DJNZ 


instruction (decrement and jump if not zero) which makes it 
easier to code the third timer byte to count down instead of up. 
If the third timer byte counts down. its reload value is the 
two's complement of what it would be for an up-counter. For 
example, 
if the two's 
complement of the sample time is 


FEOCOOH.then the reload value for the third timer byte would 
be 02, instead of FE. The timer interrupt routine might then be 


DJNZ 
THIRnJIMER.BYTE,OUT 
MOV 
TLO.MO 
MOV 
THO.MOCH 
MOV 
THIRnJIMER.BYTE.M02 


(Now read and clear the 
transducer pulse counter.) 
OUT: RETI 


Interrupt latency will have no effect on the measurement if the 
latency is the same for every sample time. 


The trouble with measuring the frequency is it is nol only 


slow. but a waste of the resolving power of the 805 I's limers. 
A timer with microsecond resolution is being used 10 mark off 
IOO-mstime periods. The technique is nevertheless useful if 
the timer is already 
serving oIher purposes 
(servicing 
a 


display, perhaps), so that the sample time is coming relatively 
free of charge. 
Dut in most cases it is faster and equally 


accurate to measure the frequency by deriving 
it from a 


measurement of the period. 


V\. How TOMEASURETHEPERIOD 


Measuring 
the period 
of the transducer 
signal 
means 


measuring the tolal elapsed time over N-Iransducer pulses. 
The quantity that is directly measured is N x T, where T is 
the period of the transducer signal in machine cycles. The 
relationship between T in machine cycles and the transducer 
frequency F in arbitrary frequency units is 


where Fxtal is the 805 I clock frequency, in the same unit as F. 


The full scale range then is N x (Tmax - 
Tmin). For II-bit 


resolution 


I LSD = ,N__.x_(7i_m_a_x_-_7i_m_i_n_) 
. 


2- 


Therefore, the number of periods over which the elapsed time 
should be measured is 


2- 


Tmu-Tmin 


However, N must also be an integer_It is logical to evaluate 
the above formula (do nol forget that Tmu and Tmin have to 
be in machine cycles) and select for N the next higher integer_ 
This selection gives a period measurement that has somewhat 
more than 
II-bit resolution. 
which 
mayor 
may nol be 


acceptable. 
depending on the overall 
requirements 
of the 
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system. It can be scaled back to n-bit resolution, if necessary, 
by the following computation: 
NT-NTmin 
reponed 
value = NTmax _ NTmin 


where NT is the elapsed time measured over N periods. 


The computation can be done in math if a suitable divide 


routine is available in the software. For S-bit resolution it is 
entirely reasonable to find the nlponed value in a look-up 
table, which would take up somewhat more than one page in 
ROM. In fact, the look-up table would contain NTmax 
- 


NTmin entries. 


For example, 
suppose we wl.nt S-bit resolution in the 


measurement of the period of a si! nal whose frequency varies 
from 5 to 10 kHz. If the clock frequency is 12 MHz, then 
Tmax is (12 000 kHz)f(12 
x 5 kHz) = 200 machine cycles, 


and Tmin is 100 machine cycles. The timer needs to be on then 
for N = 2.56 periods, according to the formula. Using N = 3 
periods will give maximum and minimum NT values of 600 
and 300 machine cycles. This is somewhat more than S-bit 
resolution. It can be scaled to S bits with a JOO-byte look-up 
table, if desired. 


To implement the measureme \t, 
one timer 
is used to 


measure 
the elapsed 
time NT. 
Enabling 
its interrupt 
is 
optional. The timer interrupt could be used to indicate a shon 
or open in the transducer circuit. 


Then the transducer is connected to one of the external 
interrupt pins (INTO or INTI), and this interrupt is configured 
to the transition-activated 
mode. In the transition-activated 
mode every 
I-to-o transition in the transducer output will 
generate an interrupt. The interrupt: routine counts transducer 
pulses, and when it gets to the predetermined N, it reads and 
clears the timer. For example 


DJNZ 
PULSES,OUT 
MOV 
PULSES,N..PERIODS 


(Read and clear timer.) 
OUT: RETI 


If other interrupts are also to be enabled, the one connected to 
the transducer should be set to PriDrity I, and the others to 
Priority O. This is to control the interrupt response time. The 
response time will not affect the me.rsurement if it is the same 
for every measurement. Variations in the response time will, 
however, affect the measurement. Setting the pulse-<:ounter 
interrupt to Priority I and all others to Priority 0 will minimize 
variations in the response time. The response time will then be 
limited to range from 3 to S machi~e cycles. 


VII. PuLSEWIDTH 
MEASUREMENTS 


The 8051 timers have an operating mode which is panicu- 


larly suited to pulsewidth measurements, and may be useful 
here if the transducer 
has a fixed duty cycle, 
or if the 


transducer 
output is pulsewidth madulated instead of fre- 


quency modulated by the measurand. 


In this mode the timer is turned 
011 by the on-<:hipcircuitry 


in response to an input high at the elttemal interrupt pin, and 
off by an input low. The external interrupt itself is enabled. so 
the same I-to-o transition from the transducer that turns off the 


timer also generates an interrupt. The interrupt routine would 
then read and reset the timer. 


The advantage of this method is that the transducer signal 


has direct access 
10 the timer gate, 
with the result that 


variations in the interrupt response time cease to be a factN 
The timer can be read and cleared any time before the next 
high in the transducer output. 


VIII. DERIVINGFREQUENCY 
FROMA PERIODMEASUREMENT 


We now consider the problem of measuring lhe transducer 


frequency to n-bit resolution by deriving it from a direct 
measurement of the period. The advantage of this technique is 
speed. It is always faster to measure period than frequency. 
But it is important to end up with a frequency value that has the 
same resolution and accuracy ti a directly measured fre- 
quency. Two questions need to be addressed. 


I) To achieve n-bit resolution in the calculated frequency, 


how much resolution is required in the period? 


2) Having measured the period to the required resolution, 


what is the most efficient way to calculate the frequency? 


These questions will be addressed one at a time. 


IX. RESOLUTION 
REQUIREMENTS 


In general, 
n-bit resolution in the frequency derivation 


requires somewhat more than n-bit resolution in the period 
measurement. 
How much more? It will be demonstrated 


presently that if the transducer frequency varies over a 2-to-l 
range, the frequency can be calculated with n-bit resolution 
from period measurements that have (n + 1)-bit resolution. 


The more practical form of the question is over how many 


periods (N) must the transducer signal be sampled to obtain 
the required 
resolution 
in F? 
And so, 
we commence 
a 


calculation of N. 
The basic calculation of frequency from N x T (which we 


shall call NT) is straightforward: 


The relationship between an increment dF in the calculated 
frequency due to an increment d(NT) in the measured period 
is, therefore, 


N 
dF= - -- 
d(NT) 
(NT)2 


F2 
= -N d(NT). 


This equation says the value of an LSB in the calculated 
frequency is (F2)/N x the value of an LSB in NT. Then the 
maximum value that an LSB in the calculated frequency can 
have is (Fmax)'/N 
x the value of an LSB in NT. For the 


calculated frequency to have n-bit resolution over the entire 
range of frequencies. the value of its LSB must never exc~ 
(Fmax - 
Fmin)f2". 
Therefore. the measurement requires 


(Fmax)' 
--N- 
x (1 LSB in NT):s 
Fmax-Fmin 


2" 


Nx (Fmax - Fmin) 


I LSB in NTs 
2 
• 
2" x (Fmax) 


Now. to say that NT is measured with m-bit resolution means 


I LSB in NT 
NX(I/Fmin-I/Fmalt) 
. 


2"' 


Substituting this value for I LSB into the required resolution 
and solving for 2"' yields 


Fmax 
2"':!:--x2" 
Fmin 
. 


m:!: n + _1_n_(_Fi_ma_xl_Fi_n_li_n)_ 
In (2) 


It can be stated with some certainty, then, that if the transducer 
frequency varies over a range of 2-to-ll, the frequency can be 
calculated with 8-bit resolution from a period measurement 
that has 9-bit resolution. If the frequen.:y varialion is less than 
2-to-l, another full bit of resolution in tile period measurement 
is not needed. 
To obtain m-bit resolution in NT, N must satisfy 


2"' 
N:!:------ 
Tmax-Tmin 


Substituting for 2"', and using T max = 1/F min and T min = 
1/F max, gives the result that 


N:!: 
(Fmax) 
2 
x:~". 


Fmax-Fmin 


It should be noted that the units c,f frequency here are 


periods/machine 
cycle, 
since the 8O~;I measures time by 


counting machine cycles. The conversion factor between Hz 
and periods/machine 
cycle is 12/(clock frequency). So the 


requirement on N can also be written 


Fmax 
Fmax 
N:!:----x-->:12x2" 
Fmax - Fmin 
Fxtal 


where Fxtal is the 80SI clock frequenc:f in the same units as 
Fmax and Fmin. This is the number of transducer pulses over 
which the transducer signal must be sampled to achieve the 
required solution 
in F. 
For example, suppose that 8·bit resohltion is required in F, 


where Fmax = 10 kHz and Fmin = ~ kHz, and that Fxtal 
= 12 MHz. Then the above calculatioll shows that N = 6 
periods gives sufficient resolution in the period measurement 
to satisfy the resolution requirement in F. Six periods will take 
0.6-1.2 
ms of sampling time, on that frequency range. Recall 


that the sample time for a direct frequenc:r measurement of the 
same signal and to the same resolution .,as earlier calculated 
to be SI.2 ms. 


X. COMPUTING 
THE FREQUENCY 
FROM THE PERIOD 


The period measurement leaves one with a 16-bit integer, 


which is N x T(or NT) in machine cycles. The conversion to 
frequency is straightforward: 


F=N/(NT) 
periods/machine cycle. 


The quantity of interest is probably not F, but a normalized 


measure of the amount by which F exceeds its minimum 
acceptable value. This quantity represents, through the trans- 
ducer's 
transfer 
function, 
the 
"reported 
value" 
of 
the 


measurand, and this quantity is an n-bit integu whose value 
ranges from 0 (all bits = 0) to full scale (all bits = I). This 
normalized frequency is 


f- 
F-Fmin 
Fmax-Fmin 


Fmin 
Fmax-Fmin 
x(F/Fmin-l) 


Using F = N/(NT) 
and F min = N/(NT 
malt) a1low~the 


normalized frequency to be written 


f- 
Fmin 
xNTmax-NT 


Fmax - Fmin 
NT 


To get a handle on what kinds of numbers are involved here, 


consider the situation where 8-bit resolution is required in f, 
and in which Fxtal 
= 12 MHz, Fmax = 10 kHz, and Fmin 


= ~ kHz. We have previously determined that for this set of 
conditions, N = 6 periods gives sufficient resolution in the 
period measurement to satisfy the resolution requirement in F 
(and inf)o With a 12 MHz clock frequency, Tmax in machine 
cycles is (12 000 1tHz)/(12 x ~ kHz) = 200 machine cycles, 
so NTmax 
is 6 
x 
200 
= 
1200 machine cycles. 
The 


calculation forf then becomes 


1200-NT 
f- 
NT 
. 


The minimum acceptable value that NT can have is (N x 
Tmin + I), where Tmin = (12000 kHz)/(12 x 10 kHz) = 
100 machine cycles. Then N x 
Tmin = 6 x 
100 = 600 


machine cycles. The allowable values for NT are then 601- 
1200 machine cycles, a total of ~99 different values. 


The fastest way to "calculate" f would be with a ~99-byte 


look-up table. This method has the added advantage that 
nonIinearities in the transfer function between frequency and 
measurand can be built into the table. Look-up tables are 
facilitated in the 80S I by the MOVC A,@A+ PC, and MOVC 
A,@A+DPTR 
instnactions. DPTR is a l6-bit "data pointer" 


register 
in the 80SI. 
Its two bytes can be individually 


addresaed as DPL (low byte) and DPH (high byte). 


In the example under discussion, it will be necessary to load 


DPTR with the address of the first byte of the look-up table, 
less 601, plus the 2-byte value of NT. The software that 
accesses the table might then take the following form: 


TABLE EQU (address of first table entry) 


inter 


.••1'11 I ~ 
n 
N" 
I 
OU 


I ( 
"umpr.tol 
;; 
q" 
~ 0 
th( fl 
• I <t,p 


lI'1r 
r."'tont 
n 


'!'lld_,.,I"If! 


dpnOlflln.tor 


flvmprat('>1'" 
"Umpr<'ttor 
.& 
2 


qn 
'" 
tI 
pl'lif' 
qn 
.& 
J 


nultl,p,..tor 
nutnf'r.tor 
- 0."0,'"".101 


MOV 
ADD 
MOV 
MOV 
ADDC 
MOV 
CLR 
MOVC 


A,#LOW(TABLE --601) 
A,NU-O 
DPL,A 
A,#HIGH(TABLE - 601) 
A,NUiI 
DPH,A 
A 
A,@A+DPTR. 


At this point the accumulator contains the 8-bit value of f. 


It is perfectly reasonable to de('ide that a 599-byte look-up 


table is unwieldy. Its advantages are speed and built-in error 
correction. 
But a reasonably fast divide algorithm can be 
written to this specific purpose. 
making use of a priori 


knowledge about the sizes of the numbers that are involved in 
the computation. 
It helps to knON that in this example the 
numerator 
is never going to be larger than 599 and the 
denominator is always greater than the numerator. 


A complete diSCUSSionof divide routines is beyond the 


scope of this paper, but a suitable divide algorithm for this 
specific application is shown in Fif:. I. Reference (I) calls this 
the Restoring division algorithm. litis panicularly well suit~ 
to the 8051, because .• <" compal-isons are greatly facilitated 
by the 8051's 
CJNE 
(compare 
and jump 
if not equal) 
instruction. CJNE A,B,rel, 
executes a relative jump if A does 
not equal 
B. 
More 
imponantly 
to this application, 
the 


instruction sets the carry flag if A < B. 


XI. 
ACCURACY 
AND 
RESOLUTION 


The 
accuracy 
with which the 8051 will measure 
the 
frequency or period of the transducer signal depends on two 
things: the accuracy of the clock oscillator and variations in 
the interrupt response lime. 


Since the clock signal is normally generated by a crystal 


oscillator, the oscillator accuracy normally far exceeds the 
quantizing error inherent in the finite (n-bit) resolution. 


As was previously mentioned, interrupt response time does 


not introduce an error 
into the 
measurement 
itself, but 


variations 
in the 
interrupt 
response 
time 
can. 
Interrupt 


response time in the 8051 can vary from 3 to 8 machine cycles, 
depending on whal instruction is in progress at the time the 
interrupt is generated. This would represent an error of ± 5 
counts 
in the 
measured 
value of NT during 
a period 


measurement. 
An error 
of 
± S counts 
in NT does not 


necessarily translate to ± S LSB's in the final result, but it 
might still represent an error that exceeds the resolution. 


In a direct frequency measurement variations in the inter- 


rupt response time would represent an error of ± 5 itS in the 
sample time. 
If these kil.ds of errors are unacceptable there are ways to 


deal with them. In period measurements, if the duty cycle of 
the 
transducer 
is constant, 
the 
pulsewidth 
measurement 


technique, previously described, can be used. Its advantage is 
that it gates the timer off when the interrupt is generated, 
rather than when the interrupt is responded to. 


In other cases one ean simply increase the sample lime 


above the minimum required to obtain the desired resolution. 
For example, if the measurement requires 8-bit resolution, one 
can design the software for an II-bit resolution and truncate 
the result to 8 bits. 
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8051 
SC)FTWARE PACKAGES 


• 
Choice of hosts: 
PCDOS 3.0 based IBM* PC:XT/AT*, 
IRMX@86,IPDSTMSystem, Series II, 
Series III, and Series IV 


• 
Supports all members of the Intel 
MCS@-51 architecture 


PL/M51 Software Package Contains the 
following: 


• 
PL/M51 Compiler which i!; designed to 
support all phases of software 
implementation 


• 
RL51 Linker and Relocator which 
enables programmers 
to develop 
software 
in a modular fashion 


• 
L1B51 Librarian which lets 
programmers 
create and maintain 


libraries of software object modules 


8051 Software Development Package 
Contains the following: 


• 
8051 Macro Assembler which gives 
symbolic access to 8051 hardware 
features 


• 
RL51 Linker and Relocator program 
which links modules generated by the 
assembler 


• 
LIB51 Librarian which lets 
programmers 
create and maintain 


libraries of software 
object modules 


;.d r 
• High-level 
programming 
language 
for 
• Allows programmer 
to have complete 
the Intel MCS® -51 single-chip 
control 
of microcomputer 
resources 
microcomputer 
family 
• Extends 
high-level 
language 
• Compatible 
with PL/M 
80 assuring 
programming 
advantages 
to 
MCS® -80/85 
design portability 
microcontroller 
software 
development 
• Enhanced 
to support 
boolean 
• Improved 
reliability, 
lower maintenance 
processing 
costs, increased 
programmer 
• Tailored 
to provide 
an optimum 
productivity 
and software 
portability 


balance 
among 
on-chip 
RAM usage, 
• Includes 
the linking and relocating 
code size and code execution 
time 
utility and the library manager 
• Produces 
relocatable 
object 
code 
• Supports 
all members 
of the Intel 
which is linkable to object 
modules 
MCS® -51 architecture 
generated 
by all other 8051 translators 


PL/M 
51 is a structured, 
high-IElvel programming 
language 
for the Intel MCS-51 family of microcomputers. 
The 
PL/M 
51 language 
and compiler 
have been designed 
to support 
the unique 
software 
development 
require- 
ments 
of the single-chip 
microcomputer 
environment. 
The PL/M 
language 
has been enhanced 
to support 
Boolean 
processing 
and efficiont 
access 
to the microcomputer 
functions. 
New compiler 
controls 
allow 
the 
programmer 
complete 
control 
over what microcomputer 
resources 
are used by PLIM 
programs. 


PLIM 
51 is largely compatible 
with PLIM 
80 and PLIM 
86. A significant 
proportion 
of existing 
PL/M 
software 
can be ported to the MCS-51 with modifications 
to support 
the MCS-51 architecture. 
Existing 
PL/M 
program- 
mers can start programming 
for the MCS-51 with a small relearning 
effort. 


PL/M 
51 is the high-level 
alternative 
to assembly 
language 
programming 
for the MCS-51. When code size and 
code execution 
speed are not I:ritical factors, 
PL/M 
51 is the cost-effective 
approach 
to developing 
reliable, 


maintainable 
software. 


The PLIM 
51 compiler 
has beon designed 
to support 
efficiently 
all phases 
of software 
implementation 
with 
features 
like a syntax 
checker, 
multiple 
levels 
of optimization, 
cross-reference 
generatien 
and debug 
record 
generation. 


ICETM 5100, ICE 51, and EMVe,1 are available 
for on-target 
debugging. 


Software 
available 
for PC DOS 3.0 based 
IBM" 
PC XT/AP 
Systems. 
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PL/M 
51 COMPILER 


Interrupt 
Handling 


Major 
features 
of the 
Intel 
PLIM 
51 compiler 
and 
programming 
language 
include: 


PLIM 
source 
code is developed 
in a series of mod- 
ules, procedures, 
and blocks. 
EnGouraging 
program 
modularity 
in this 
manner 
makes 
programs 
more 
readable, 
.and 
easier 
to 
maintain 
and 
debug. 
The 
language 
becomes 
more flexible, 
by clearly defining 
the scope of user variables 
(local to a private proce- 
dure, for example). 


Language Compatibility 


PL/M 
51 object 
modules 
are compatible 
with object 
modules 
generated 
by all other MCS-51 translators. 


This means 
that 
PL/M 
programs 
may be linked 
to 
programs 
written 
in any other MCS-51 
language. 


Object 
modules 
are compatible 
with In-Circuit 
Emu- 
lators 
and 
Emulation 
Vehicles 
for MCS-51 
proces- 
sors: 
the 
DEBUG 
compiler 
control 
provides 
these 
tools with symbolic 
debugging 
capabilities. 


PLIM 
makes use of three data types for various 
ap- 
plications. 
These 
data types range from one to six- 
teen bits and facilitate 
various 
arithmetic, 
logic, and 
address 
functions: 


- 
Bit: a binary digit 


- 
Byte: 8-bit unsigned 
number or, 


- 
Word: 
16-bit unsigned 
number. 


Another 
powerful 
facility 
allows 
the use of BASED 
variables 
that 
map 
more 
than 
one 
variable 
to the 
same 
memory 
location. 
This is especially 
useful for 
passing 
parameters, 
relative 
and absolute 
address- 
ing, and memory 
allocation. 


Two Data Structuring 
Facilities 


PLIM 
51 
supports 
two 
data 
structuring 
facilities. 
These add flexibility 
to the referencing 
of data stored 


in large groups. 


- 
Array: Indexed 
list of same type data elements 


- 
Structure: 
Named 
collection 
01' same or different 
type data elements 


- 
Combinations 
of 
Both: 
Arrays 
of 
structures 
or 
structures 
of arrays. 


A procedure 
may be defined 
with the INTERRUPT 
attribute. 
The compiler 
will generate 
code 
to save 
and restore 
the 
processor 
status, 
for execution 
of 
the user-defined 
interrupt 
handler 
routines. 


The PL/M 
51 compiler 
offers 
controls 
that facilitate 
such features 
as: 


- 
Including 
additional 
PL/M 
51 source 
files 
from 
disk 


- 
Cross-reference 


- 
Corresponding 
assembly 
language 
code 
in the 
listing file 


The PL/M 
51 compiler 
takes full advantage 
of pro- 
gram addressing 
with the ROM (SMALLIMEDIUM/ 
LARGE) control. 
Programs 
with less than 2 KB code 
space 
can 
use the 
SMALL 
or MEDIUM 
option 
to 
generate 
optimum 
addressing 
instructions. 
Larger 
programs 
can address 
over the full 64 KB range. 


The PL/M 
51 compiler 
offers four levels of optimiza- 
tion for significantly 
reducing 
overall 
program 
size. 


- 
Combination 
or 
"folding" 
of 
constant 
expres- 
sions; 
"Strength 
reductions" 
(a shift 
left rather 
than multiply 
by 2) 


- 
Machine 
code 
optimizations; 
elimination 
of su- 
perfluous 
branches 


- 
Automatic 
overlaying 
of on-chip 
RAM variables 


- 
Register 
history: 
an off-chip 
variable 
will not be 
reloaded 
if its value is available 
in a register. 


The PL/M 
51 compiler 
has a very powerful 
feature 
to speed up compilations. 
If a syntax or program 
er- 
ror is detected, 
the compiler 
will skip the code gen- 
eration 
and optimization 
passes. 
This usually yields 
a 2X performance 
increase 
for compilation 
of pro- 
grams with errors. 


A fully detailed 
set of programming 
and compilation 
error messages 
is provided 
by the compiler 
and us- 
er's guide. 
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PL/M 51 is designed to be an efficient, cost-effec- 
tive solution to the special requirements of MCS-51 
Microsystem Software Development, as illustrated 
by the following benefits of PLlM use: 


PL/M 51 is easy to learn and to use, even for the 
novice programmer. 


Earlier Project Completiion 


Critical projects are completed much earlier than 
otherwise possible because PUM 51, a structured 
high-level language, increases programmer produc- 
tivity. 


Increases in programmer productivity translate im- 
mediately into lower software development costs 
because less programming resources are required 
for a given programmed function. 


Increased 
Reliability 


PL/M 51 is designed to aid in the development of 
reliable software (PL/M programs are simple state- 
ments of the program algorithm). This substantially 
reduces the risk of costly correction of errors in sys- 
tems that have already reached full production 
status, as the more simply stated the program is, the 
more likely it is to perform its intended function. 


Easier Enhancements 
and 
Maintenance 


Programs written in PL/M tend to be self-document- 
ing, thus easier to read and understand. This means 
it is easier to enhance and maintain PL/M programs 
as the system capabilities expand and future prod- 
ucts are developed. 


• 
Links modules generatE~dby the 
assembler 
and the PL/M 
compiler 


• 
Locates 
the linked object 
to absolute 


memory 
locations 


• 
Enables 
modular 
programming 
of 


software-efficient 
program 
development 


• 
Modular 
programs 
are easy to 


understand, 
maintainable 
and reliable 


The MCS-51 linker and relocator (RL51) is a utility which enables MCS-51 programmers to develop software in 
a modular fashion. The utility resolves all references between modules and assigns absolute memory loca- 
tions to all the relocatable segments, combining relocatable partial segments with the same name. 


With this utility, software can b'3 developed more quickly because small functional modules are easier to 
understand, design and test than large programs. 


The total number of allowed symbols in user-developed software is very large because the assembler number 
of symbols' limit applies only per module, not to the entire program. Therefore programs can be more readable 
and better documented. RL51 can be invoked either manually or through a batch file for improved productivity. 


Modules can be saved and used on different programs. Therefore the software investment of the customer is 
maintained. 


RL51 produces two files. The abHoluteobject module file can be directly executed by the MCS-51 family. The 
listing file shows the results of the link/locate process. 


intJ 


The L1B51utility enables MCS-51 programmers to 
create and maintain libraries of lloftware object mod- 
ules. With this utility, the customer can develop stan- 
dard software modules and pla.cethem in libraries, 
which programs can access through a standard in- 
terface. When using object libraries, the linker will 


call only object modules that are required to satisfy 
external references. 


Consequently, the librarian enables the customer to 
port and reuse software on different projects-there- 
by maintaining the customer's software investment. 


Order Code 


D86PLM51 


Operating 
Environment 


PLlM51 Software for PC DOS 3.0 Systems 


PL/M51 Software for iRMX 86 Systems 


Documentation 
Packagtl 


PL/M 51 User's Guide 
Hotline Telephone Support, Software Performance 
Report (SPR), Software Updates, Technical Re- 
ports, and monthly Technical Newsletters are avail- 
able. 


• 
Symbolic 
relocatable 
a!isembly 
language 
programming 
for 8051 
microcontrollers 


• 
Extends 
Intellec@ Microcomputer 
Development 
System 
tel support 
8051 
program 
development 


• 
Produces 
Relocatable 
ClbJect Code 
which is linkable to othln 
8051 Object 
Modules 


The 8051 software 
development 
package 
provides 
development 
system 
support 
for the powerful 
8051 family 
of single 
chip microcomputers. 
The package 
contains 
a symbolic 
macro 
assembler 
and relocation/linkage 
utilities. 


• 
Encourage 
modular 
program 
design for 
maintainability 
and reliability 


• 
Macro Assembler 
features 
conditional 
assembly 
and macro capabilities 


• 
Supports 
all members 
of the Intel 
MCS@ 51 architecture 


The assembler 
produces 
relocatable 
object 
modules 
from 8051 macro assembly 
language 
instructions. 
The 
object code modules 
can be linked and located to absolute 
memory 
locations. 
This absolute 
object 
code may 
be used to program 
the 8751 EPROM version of the chip. The assembler 
output may also be debugged 
using 
the new family of ICE 5100 emulators 
or with the ICE-51TM 
in-circuit 
emulator. 


The converter 
translates 
8048 assembly 
language 
instructions 
into 8051 source 
instructions 
to provide 
soft- 
ware compatibility 
between 
the two families 
of microcontrollers. 


Software 
available 
for PC DOS ~I.Obased 
IBM' 
PC XT/AT 
Systems. 


:--a. r 
• 
Supports 
8051 family prc,gram 
development 
on Intellec~) 
Microcomputer 
Development 
Systems 


• 
Gives symbolic 
access 
t(1 powerful 
8051 hardware 
features 


• 
Produces 
object 
file, IIstlll1gfile and 
error diagnostics 


• 
Object flies are linkable 
and locatable 


• 
Provides 
software 
support 
for many 
addressing 
and data allocation 
capabilities 


• 
Symbolic 
Assembler 
supports 
symbol 
table, cross-reference, 
macro 
capabilities, 
and conditional 
assembly 


The 8051 Macro Assembler 
(ASM51) 
translates 
symbolic 
8051 macro assembly 
language 
modules 
into link- 
able and locatable 
object code modules. 
Assembly 
language 
mnemonics 
are easier to program 
and are more 
readable 
than 
binary 
or hexadecimal 
machine 
instructions. 
By allowing 
the 
programmer 
to give 
symbolic 
names to memory 
locations 
rather than absolute 
addresses, 
software 
design and debug are performed 
more 
quickly 
and reliably. 
Furthermore, 
since 
modules 
are linkable 
and relocatable, 
the programmer 
can do his 
software 
in modular 
fashion. 
This makes programs 
easy to understand, 
maintainable 
and reliable. 


The assembler 
supports 
macro dl~finitions 
and calls. This is a convenient 
way to program 
a frequently 
used 
code sequence 
only once. The as.sembler 
also provides 
conditional 
assembly 
capabilities. 


Cross referencing 
is provided 
in the symbol table listing, showing 
the user the lines in which each symbol was 
defined 
and referenced. 


ASM51 
provides 
symbolic 
access, to the many 
useful 
addressing 
features 
of the 8051 
architecture. 
These 
features 
include 
referencing 
for bit and byte locations, 
and for providing 
4-bit operations 
for BCD arithmetic. 


The assembler 
also provides 
symtolic 
access to hardware 
registers, 
I/O ports, control 
bits, and RAM address- 
es. ASM51 
can support 
all membors 
of the 8051 family. 


Math routines 
are enhanced 
by the MUltiply 
and DIVide instructions. 


If an 8051 program 
contains 
error:;, the assembler 
provides 
a comprehensive 
set of error diagnostics, 
which 
are included 
in the assembly 
listing or on another 
file. Program 
testing' may be performed 
by using the iUP 
Universal 
Programmer 
and iUP F87/51 
personality 
module 
to program 
the 8751 EPROM 
version 
of the chip. 


• 
Links modules 
generated 
by the 
assembler 


• 
Locates 
the linked object 
to absolute 
memory 
locations 


• 
Enables 
modular 
programming 
of 
software 
for efficient 
program 
development 


• 
Modular 
programs 
are easy to 
understand, 
maintainable 
and reliable 


The 8051 linker and relocator 
(RL51) 
is a utility which 
enables 
8051 programmers 
to develop 
software 
in a 
modular 
fashion. 
The 
linker 
resolves 
all references 
between 
modules 
and the 
relocator 
assigns 
absolute 
memory 
locations 
to all the reloc,:ltable 
segments, 
combining 
relocatable 
partial 
segments 
with the 
same 
name. 


With 
this utility, 
software 
can be developed 
more 
quickly 
because 
small 
functional 
modules 
are easier 
to 
understand, 
design and test than large programs. 


The 
number 
of symbols 
in the soltware 
is very large because 
the assembler 
symbol 
limit applies 
only per 
module 
not the entire program. 
Th'3refore 
programs 
can be more readable 
and better 
documented. 


Modules 
can be saved and used on different 
programs. 
Therefore 
the software 
investment 
of the customer 
is 
maintained. 


RL51 produces 
two files. The absolute 
object 
module 
file can be directly 
executed 
by the S051 family. 
The 
listing file shows the results of the link/locate 
process. 


The L1B51 utility enables 
MCS-51 
programmers 
to create 
and maintain 
libraries 
of software 
object 
modules. 
With 
this 
utility, 
the customer 
I;an develop 
standard 
software 
modules 
and 
place 
them 
in libraries, 
which 
programs 
can access through 
a standard 
interface. 
When using object 
libraries, the linker will call only object 
modules 
that are required 
to satisfy 
external 
references. 


Consequently, 
the librarian 
enables 
the customer 
to port and reuse software 
on different 
projects-thereby 
maintaining 
the customer's 
software 
investment. 


Order Code 


DS6ASM51 


RS6ASM51 


Operating 
Environment 


S051 Assembler 
for PCDOS 3.0 Systems 


Documentation 
PackagEI: 


MCS-51 
Macro Assembler 
User's 
Guide 


MCS-51 
Utilities 
User's 
Guide 
for 
SOSO/SOS5 
Based Development 
System 


Hotline 
Telephone 
Support, 
Software 
Performance 
Reporting 
(SPR), Software 
Updates, 
Technical 
Re- 
ports, Monthly 
Newsletter 
available. 


MCS-51 
S04S-to-S051 
Assembly 
Language 
Con- 
verter 
Operating 
Instructions 
for ISIS·II Users 
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ICETM-5100/252 
In-Circuit Emulator for the 
MCS®·51 Family of Microcontrollers 
• Precise, 
Full-Speed, 
Reali·Time 
• Symbolic 
Debugging 
Enables Access 
to 


Emulation 
of Selected 
NlCS·51 
Memory 
Locations 
and Program 


Mlcrocontroller 
Componlents 
at Speeds 
Variables 
Up to and Including 
16 "'Hz 
• Four Address 
Breakpoints 
with In- 
• 64 KB of Mappable 
High-Speed 
Range, Out-Of-Range, 
and Page Breaks 


Emulation 
Memory 
• Equipped 
with the Integrated 
Command 
• 254 24-Bit Frames of Truce Memory 
(16 
Directory 
(ICDTM) that Includes: 


Bits Trace 
Program 
Exe4:ution 
- 
On-Line 
Help 
Addresses 
and 8 Bits Trace 
External 
- 
Syntax 
Guidance 
and Checking 


Events) 
- 
Dynamic 
Command-Entry 
• Serial Link to the IBM· 
flC AT, PC XT 
- 
Error Checking 


(and DOS Compatibles), 
and the 
- 
Command 
Recall 


Intellec@ Series 
III/IV 
• On-Line 
Disassembler 
and Single-Line 


• ASM-51 
and PL/M-51 
Lalnguage 
Assembler 
to Help with Code Patching 


Support 
• Built-In CRT-Oriented 
Text Editor 


The ICETM·5100/252 
in·circuit emulator is a high·level, interactive debugging system that is used to develop 


and test the hardware and softwslreof a target system based on the MCS@·51family of microcontrollers. The 
ICE·5100/252 emulator can be Herially linked to an IBM PC AT or PC XT, or an Intellec Series III/IV. The 
emulator can communicate with the host system at standard baud rates up to 19.2K. The design of the 
emulator supports selected MCS..51 microcontroller components at speeds up to and including 16 MHz. 


The ICE-5100/252 
emulator 
provides 
full emulation 
support 
for the 
MCS@-51 family 
members 
listed 
in 
Table 
1. 


The ICE-5100/252 
emulator 
enables 
hardware 
and 
software 
development 
to 
proceed 
simultaneously. 


With 
the 
ICE-5100/252 
emulator, 
prototype 
hard- 
ware can be added 
to the system 
as it is designed 
and software 
can be developed 
prior to the comple- 


tion of the hardware 
prototype 
Software 
and hard- 
ware integration 
can occur whilE! the product 
is being 
developed. 


The 
ICE-5100/252 
emulator 
al>sists four stages 
of 
development: 


• 
Software 
debugging 


• 
Hardware 
debugging 


• 
System 
integration 


• 
System 
test 


Software 
Debugging 


The ICE-5100/252 
emulator 
can be operated 
with- 
out being connected 
to the tar~let system 
or before 
any of the user's hardware 
is available 
(provided 
ex- 


ternal 
data RAM is not needed). 
In this stand-alone 
mode, 
the 
ICE-5100/252 
emulator 
can be used to 
facilitate 
program 
development. 


Hardware 
Debugging 


The 
ICE-5100/252 
emulator's 
AC/DC 
parametric 
characteristics 
match the microcontroller's. 
The em- 
ulator's 
full-speed 
operation 
makes it a valuable 
tool 


for debugging 
hardware, 
including 
time-critical 
serial 
port, timer, and external 
interrupt 
interfaces. 


Integration 
of 
software 
and 
hardware 
can 
begin 


when the emulator 
is plugged 
into the microcontrol- 


ler socket 
of the prototype 
system 
hardware. 
Hard- 


ware can be added, r:nodified, and tested immediate- 
ly. As each 
section 
of the user's 
hardware 
is com- 


pleted, 
it can be added 
to the prototype. 
Thus, the 


hardware 
and software 
can be system tested in real- 


time operation 
as each section 
becomes 
available. 


When the prototype 
is complete, 
it is tested with the 


final version 
of the system 
software. 
The ICE-51 00/ 


252 emulator 
is then used for real-time 
emulation 
of 


the microcontroller 
to debug 
the system 
as a com- 


pleted 
unit. 


The final product 
verification 
test can be performed 


using the ROM or EPROM version 
of the microcon- 


troller. 
Thus, 
the 
ICE-5100/252 
emulator 
provides 


the ability to debug a prototype 
or production 
system 


at any stage 
in its development 
without 
introducing 


extraneous 
hardware 
or software 
test tools. 


The ICE-5100/252 
emulator 
consists 
of the follow- 


ing components 
(see Figure 1): 


• 
Power supply 


• 
AC and DC power cables 


• 
Controller 
pod 


• 
Serial cable (host-specific) 


• 
User probe 
assembly 
(consisting 
of the proces- 


sor module 
and the user cable) 


• 
Crystal power accessory 
(CPA) 


Part 
On-Chip Program 
Memory 
On-Chip 
Data Memory 


8031 
None 
128 bytes 


80C31 
None 
128 bytes 
8032 
None 
256 bytes 
8051 
4 KB-ROM 
128 bytes 
80C51 
4 KB-ROM 
128 bytes 


8052 
8 KB-ROM 
256 bytes 
80C252 
None 
256 bytes 
83C252 
8 KB-ROM 
256 bytes 
8751 
4 KB-EPROM 
128 bytes 
87C51 
4 KB-EPROM 
128 bytes 
8752 
8 KB-EPROM 
256 bytes 


87C252 
8 KB-EPROM 
256 bytes 


• 40-pin DIP target adaptor 


• Clips assembly 
• Software (includes the ICE-5100/252 emulator 
software, diagnostic software, ~Indtutorial) 


The controller pod contains 64 KB of emulation 
memory, 254- by 24-bit frames of trace memory, and 
the control processor. In addition, the controller pod 
houses a BNC connector that can be used to con- 
nect up to 10 multi-ICE compatible emulators to- 
gether for synchronous starting and stopping of em- 
ulation. 


The serial cable connects the host system to the 
controller pod. The serial cable supports a subset of 
the RS-232C signals. 


The user probe assembly consists of a user cable 
and a processor module. The processor module 
houses the emulation processor .:md the interface 
logic. The target adaptor connects to the processor 
module and provides an electrical and mechanical 
interface to the target microcontroller socket. 


The crystal power accessory (CPA) is a small de- 
tachable board that connects to the controller pod 
and enables the ICE-5100/252 emulator to run in 


stand-alone mode. The target adaptor plugs into the 
socket on the CPA; the CPA then supplies clock and 
power to the user probe. 


The clips assembly enables the user to trace exter- 
nal events. Eight bits of data are gathered on the 
rising edge of PSEN during opcode fetches. The 
clips information can be displayed using the CLIPS 
option with the PRINT command. Trace qualification 
input and output lines are also provided on the clips 
pod for connection to test equipment. 


The ICE-5100/252 emulator software supports mne- 
monics, object file formats, and symbolic references 
generated by Intel's ASM-51 and PL/M-51 program- 
ming languages. Along with the ICE-5100/252 emu- 
lator software is a customer confidence test disk 
with diagnostic routines that check the operation of 
the hardware. 


The on-line tutorial is written in the ICE-5100 com- 
mand language. Thus, the user is able to interact 
with and use the ICE-5100/252 emulator while exe- 
cuting the tutorial. 


A comprehensive set of documentation is included 
with the ICE-5100/252 emulator. 


inter 


ICETM·5100/252 
EMULATOR 


FEATURES 


The ICE-5100/252 emulator has been created to as- 
sist a product designer in dElveloping, debugging, 
and testing designs incorporating the MCS@-51fam- 
ily of microcontrollers. The fol owing sections detail 
some of the ICE-5100/252 emulator features. 


The ICE·5100/252 emulator emulates the microcon- 
trollers listed in Table 1. Selecting a processor type 
changes the following characleristics to match the 
microcontroller selected: 


• Internal RAM size 
• Internal ROM size 
• Idle and power down mode enable 
• Special function register symbolic map 


• Memory map 
• Latched or unlatched EA 
• Serial port framing and error detection 


Emulation is the controlled eX:lcution of the user's 
software in the target hardwclre or in an artificial 
hardware environment that duplicates the microcon- 
troller of the target system. Emulation is a transpar- 
ent process that happens in rea.l-time.The execution 
of the user software is facilitated with the ICE-5100/ 
252 command language. 


Memory Mapping 


There is 64 KB of memory thalt can be mapped to 
the CODE memory space in 4 KB blocks on 4 KB 
boundaries. By mapping memory to the ICE-5100/ 
252 emulator, software development can proceed 
before the user hardware is available. 


Memory Examination 
and Modification 


The memory space for the MCS@-51component(s) 
and its target hardware is fully accessible through 
the emulator. The ICE-5100/2E,2emulator refers to 
four physically distinct memory spaces, as follows: 
• CODE - 
references program memory 


• IDATA - 
references internal data memory 


• RDATA - 
references special function register 
memory 


• XDATA - 
references external data memory 


ICE-5100/252 
emulator 
commands 
that 
access 


memory use one of the special prefixes (e.g., CODE) 
to specify the memory space. 


The microcontroller's special function registers and 
register bits can be accessed mnemonically (e.g., 
DPL, TCON, CY) with the ICE-5100/252 emulator 
software. 


Data can be displayed or modified in one of three 
bases: hexadecimal, decimal, and binary. Data can 
also be displayed or modified in one of two formats: 
ASCII and unsigned integer. Program code can be 
disassembled and displayed as ASM-51 assem- 
bler mnemonics. Code can be modified with stan- 
dard ASM-51 statements using the built·in single- 
line assembler. 


Symbolic references can be used to specify memory 
locations. A symbolic reference is a procedure 
name, line number, program variable, or label in the 
user program that corresponds to a location. 


Some typical symbolic functions include: 
• Changing or inspecting the value of a program 


variable by using the symbolic name to access 
the memory location. 
• Defining break and trace events using symbolic 


references. 


• Referencing variables as primitive data types. 


The primitive data types are ADDRESS, BIT, 
BOOLEAN, 
BYTE, 
CHAR 
(character), 
and 


WORD. 


The ICE-5100/252 emulator maintains a virtual sym- 
bol table (VST) for program symbols. A maximum of 
61 KB of host memory space is available for the 
VST. If the VST is larger than 61 KB, the excess is 
stored on available host system disk space and is 
paged in and out as needed. The size of the VST is 
limited only by the disk capacity of the host system. 


Breakpoints are used to halt a user program in order 
to examine the effect of the program's execution on 
the target system. The ICE-5100/252 emulator sup- 
ports three different types of break specifications: 


• Specific address break - 
A single address can 


be specified to halt emulation. 


inter 


• Range break - 
An arbitrary range of addresses 
can be specified to halt emulation. Program exe- 
cution within or, optionally, outside the range 
halts emulation. 
• Page break - 
Up to 256 pagl3 breaks can be 


specified. A page break is defined as a range of 
addresses that is 256-bytes 10n!;1and begins on a 
256-byte address boundary. 


Break registers are user-defined debug definitions 
used to create and store breakpoint definitions. 
Break registers can contain multiplo breakpoint defi- 
nitions and can optionally call dobug procedures 
when emulation halts. 


Tracing can be triggered using spel~ificationssimilar 
to those used for breaking. Normally, the ICE-5100/ 
252 emulator traces program activity while the user 
program is executing. With a trace specification, 
tracing can be triggered to occur only when specific 
conditions are met during execu·tion. Up to 254 
24-bit frames of trace information are collected in 
the buffer during emulation. SixteElnof the 24 bits 
trace instruction execution addresses, and 8 bits 
capture external events (CLIPS). 


The trace buffer display is similar to an ASM-51 pro- 
gram listing shown in Figure 2. The PRINT command 
enables the user to selectively display the contents 
of the trace buffer. The user has the option of dis- 
playing the clips information as W<311 
as disassem- 


bled instructions. 


Debugging procedures (PROCs) are a user-named 
group of ICE-5100/252 emulator commands that are 
executed as one command. PROCs enable the user 
to define several commands in a named block struc- 
ture. The commands are executed by entering the 
name of the PROC. The PROC bodies are a simple 
DO...END construct. 


PROCs can simulate missing hardware or software, 
collect debug information, and execute high-level 
software patches. PROCs can be copied to text files 
on disk, then recalled for use in later test sessions. 
PROCs can also serve as program diagnostics, im- 
plementing ICE·5100/252 emulator commands or 
user-defined 
definitions 
for 
special 
purposes. 


PROCs can also be used to set breakpoints. 


A special menu, called the Integrated Command Di- 
rectory (ICD), similar to the one used for the 121CETM 
system and the VLSiCE-96 emulator, aids in creating 
syntactically correct command lines. Figure 3 shows 
an example of the ICD and how it changes to reflect 
the options available for the GO command. 


The HELP command provides ICE·5100/252 emula· 
tion command assistance via the host system termi- 
nal. On-line HELP is available for the ICE-5100/252 
emulator commands shown in Figure 4. 


ADD[~ESS 
300' 
300C 
300[~ 
3011J 


1* 
Print newest 
four instructions 
in 
buffer 
*1 
CODE 
INSTRUCTION 
C02A 
PUSH 
2AH 
2532 
ADD 
A,32H 
F52A 
MOV 
2AH,A 
B53210 
CJNE 
A,32H,.+10H 


FRAME 
(028) 
(030) 
(032) 
(034) 
hI t> 
hI t > PRINT 
CLIPS (ILDEST 2 
1* Bu ffer d isp lay showi ng c lips *1 
FRAME 
ADDRESS 
CODE 
INSTRUCTION 
CLIPS 
(7b543210) 


(000) 
300" 
C02A 
PUSH 
2AH 
01110011 
(001) 
300C 
2532 
ADD 
A,32H 
11110101 
hlt> 


The height of the processor module and the target 
adaptor need to be considen3d for target systems. 


processor module and target adaptor. Figure 5 
shows the dimensions of the processor module. 


l 


hlt> 
GO 
FROM 
ARM 
FOREYER 
TIL 
USING 
TRACE 
<execute> 
lhlt> 
GOFROM 


<expr> 


hlt> 
GO FROM lo3H 


<operator> 
ARM FORE:YER 
TIL 
USING 
TRACE 
<execute> 


hlt> 
GO FROM lo3H USING 
BRKREG <brkreg 
nallle> 
lhl t> 
GO FROM lo3H USING brJ, 


; 
TRACE 
; 
<execute> 
l 


hl t > 
GO FROM lo3H 
USING 
brJ, 
TRACE tracei 
t 
_; 
< execute> 


ADDRESS 
BRKREG 
CONSTRUCTS 
DCI 
DYNASCOPE 
GO 
KEYS 
LSTEP 
MTYPE 
PROC 
REPEAT 
SYNCSTART 
VERSION 
hIt> 


APPEllD 
BYTE 
COUN1' 
DEBUej 
EDIT 
HELP 
LABEL. 
MAP 
NAMES:COPE 
PSEUD'O_VAR 
RESET 
TEMPCHECK 
WAIT 


ASM 
CHAR 
CPU 
DEFINE 
ERROR 
IF 
LINES 
MENU 
OPERATOR 
PUT 
RETURN 
TRCREG 
WORD 


BASE 
CI 
CURHOME 
DIR 
EVAL 
INCLUDE 
LIST 
MODIFY 
PAGING 
REFERENCE 
SAVE 
TYPES 
WRITE 


BIT 
CNTLC 
CURX 
DISPLAY 
EXIT 
INVOCATION 
LITERALLY 
MODULE 
PARTITION 
REGS 
STRING 
VARIABLE 


BOOLEAN 
COMMENTS 
CURY 
DO 
EXPRESSION 
ISTEP 
LOAD 
MSPACE 
PRINT 
REMOVE 
SYMBOLIC 
VERIFY 
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PROCESSOR 
MODULE 
~b9T...., 


TARGET 
=--.L- 


ADAPTOR 


The emulation 
processor's 
user-pin 
timings 
and loadings 
are identical 
to the 80C252 
component 
except 
as 


follows. 


Maximum 
Operating 
ICC (ma)* 
Maximum 
Idle ICC (ma)* 


Vcc 
4V 
5V 
6V 
4V 
5V 
6V 


Frequency 


0.5 MHz 
0.87 
1.62 
3.0 
0.58 
1.21 
2.5 


3.5 MHz 
4.8 
6.82 
9.76 
2.2 
4.97 
6.33 


8.0 MHz 
10.5 
15.0 
20.5 
6.0 
8.98 
11.76 


12.0 MHz 
15.2 
22.2 
30.2 
9.2 
13.34 
17.46 


16.0 MHz 
19.4 
28.6 
38.7 
11.8 
17.4 
23.4 


• ICC is measured 
with all output 
pin:> disconnected. 


XTAL 1 driven with TCLCH, 
TCHCL= 
10ns,Vil=Vss+ 
.5V, Vih=Vcc-.5V. 
XTAL2 
not connected. 


For maximum 
operating 
ICC 
EA = RST = PortO = Vcc. 
For maximum 
idle ICC 


• EA= 
PortO =Vcc, 
RST=Vcc, 
internal 
clock 
to PCA gated off. 


• 
Up to 25 pf of additional 
pin <:apacitance 
is con- 
tributed 
by 
the 
processor 
module 
and 
target 
adaptor 
assemblies. 


• 
Pin 31, EA, has approximately 
32 pf of additional 


capacitance 
loading 
due to sonsing 
circuitry. 


• 
Pins 18 and 19, XTAL 1 and XTAL2, respectively, 
have approximately 
15 to 16 pf of additional 
ca- 


pacitance 
when configured 
for crystal 
operation. 


Chip Function 
HMOS Component 
8031 
CHMOS Component 
80C31 


RST trigger threshold 
2.5V 
70% Vcc (3.5V 
@ Vcc = 5V) 
RST input impedance 
4K - 
10K ohms 
50K - 
150K ohms 
Port Iii 
-800,...A 
-50,...A 
Clock threshold 
2.5V 
70% Vcc (3.5V 
@ Vcc = 5V) 


Emulating HMOS Components 


The ICE-5100/252 
emulator 
is based on a CHMOS 
emulation 
processor. 
There 
are, minor 
differences 
between 
how the ICE-5100/252 
emulator 
supports 
CHMOS 
and HMOS designs 
as :,hown in Table 2. 


Refer to the Microcontroller 
Handbook, 
order 
num- 
ber 210918, 
for further 
information 
on CHMOS 
and 
HMOS design 
considerations. 


• 
IBM PC AT or PC XT (or PC-DOS 
compatible) 
with 512 KB of RAM and a hard disk running 
un- 
der the DOS 3.0 (or later) operating 
system. 


• 
Intellec Series III/IV Microcomputer 
Development 
System 
running 
under the ISIS or iNDX operating 
system respectively, 
with at least 512 KB of appli- 
cation 
memory 
resident. 


Disk drives - 
Dual floppy 
or one hard disk and 
one floppy drive required. 


ICETM·5100/252 
SYSTEM 
SOFTWARE 
PACKAGE 


• 
ICE-51 00/252 
emulator 
softwclre 


• 
ICE-51 00/252 
confidence 
test" 


• 
ICE-51 00/252 
tutorial 
software 


Memory 


Mappable 
full- 
speed emulation 
code memory 


64 KB 
Mappable 
to user or 
ICE-51 00/252 
emulator 
memory in 
4 KB blocks on 
4 KB boundaries. 


Virtual Symbol 
Table 
A maximum 
of 61 
KB of host memory 
space 
is available 
for the Virtual Sym- 
bol 
Table 
(VST). 


The 
rest 
of 
the 
VST 
resides 
on 
disk 
and 
is paged 
in and out as need- 
ed. 


Width 
Height 
Depth 
Weight 


8%" (21 cm) 
1%" 
(3.8cm) 
13%" 
(34.3 cm) 
4 Ibs 
(1.85 kg) 


Width 
Length 
Height 


310/16" (9.7 cm) 
1%" 
(3.8cm) 
1%" 
(3.8cm) 
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Power Supply 


Width 
7%" (18.1 cm) 
Height 
4" 
(10.06 cm) 
Depth 
11" 
(27.97 cm) 
Weight 
15 Ibs (6.1 kg) 


Power Supply 


100 - 120V or 200 - 240V (selectable) 
50 - 60 Hz 
2 amps (AC max) @ 120V 
1 amp (AC max) @ 240V 


ENVIRONMENTAL 
CHARACTERISTICS 
+ 10° C to +40°C (50°F to 
104°F) 
Maximum of 85% 
relative 
humidity, non-condensing 


Emulator Hardware 
and Software 


Order Code 
Description 
pl252KITAD 
This kit contains: ICE-5100/252 user 
probe assembly, power supply and 
cables, serial cab es, target adaptor, 
CPA, ICE-5100 cQntrolier pod, soft- 
ware, and documentation for use with 
an IBM PC AT or :JCXT. The kit also 
includes the 8051 Software Develop- 
ment Package anclthe AEDIT text ed- 
itor for use on DOS systems. [Re- 
quires software license.] 


pl252KITD 
This 
kit 
is 
tho 
same 
as 
the 


pl252KITAD kit excluding the 8051 
Software Development Package and 
the AEDIT text editor. [Requires soft- 
ware license.] 


This kit contains the ICE-5100/252 
user probe assembly, power supply 
and 
cables, 
serial 
cables, 
target 


adaptor, 
CPA, ICE-5100 controller 


pod, software, and documentation for 
use with Intel hosts (Series III, IV). 
The kit also includes the 8051 Soft- 
ware Development Package and the 
AEDIT text editor for use on Series 
III/IV. [Requires software license.] 


This 
kit 
is 
the 
same 
as 
the 


pl252KITAS kit excluding the 8051 
Software Development Package and 
the AEDIT text editor. [Requires soft- 
ware license.] 


Software 
Only 
Order Code 
Description 
pSA252D 
This kit contains the host, probe, di- 
agnostic 
and tutorial 
software 
on 


5%" disks for use on an IBM PC AT 
or PC XT (requires DOS 3.0 or later). 
[Requires software license.] 


pSA252S 
This kit contains the host, probe, di- 
agnostic and tutorial software on 8" 
disks (both single-density and double- 
density) for use on a Series III, and on 
5%" 
disks for use on a Series IV. 


[Requires software license.] 


Other Useful Intel Debug and 
Development 
Support Products 


Order Code 
Description 
pD86ASM51 
8051 Software Development Pack- 
age (DOS version) - 
Consists of the 


ASM-51 
macro 
assembler 
which 


gives symbolic access to 8051 hard- 
ware features; the RL51 linker and re- 
locator program that links modules 
generated 
by 
ASM-51; 
CONV51 


which enables software written for 
the MCS-48 family to be up-graded to 
run on the 8051, and the LI851 li- 
brarian which programmers can use 
to create and maintain libraries of 
software object modules. Use with 
the DOS operating system (version 
3.0 or later). 


verSion) 
- 
Consists 
of the PUM-51 
compiler 
which 
provides 
high-level 
programming 
language 
support; 
the 
L1B51 utility 
that 
creates 
and 
main- 
tains libraries of 80ftware 
object mod- 
ules, and the RL!51 linker and reloca- 
tor program 
that links modules 
gener- 
ated by ASM-51 
and PL/M-51 
and lo- 
cates 
the 
linked 
object 
modules 
to 
absolute 
memory 
locations. 
Use the 
DOS operating 
system 
(version 3.0 or 
later). 


age 
(ISIS 
version) 
- 
Same 
as the 
pD86ASM51 
package 
except this one 
is for use with the Series 
III. 


pl86PLM51 
PUM-51 
Software 
Package 
- 
Same 
as the 
pD86PLM51 
package 
except 
this one is for use with the Series 
III 
and Series 
IV. 


pD86EDIEU 
AEDIT 
text 
editor 
for 
use 
with 
the 
DOS operating 
system. 
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There are two groups of parts within the MCS®-96 
family: the standard 
8X9X parts and the 8X9XBH 


parts. There are several enhancements on the 8X9XBH 
parts that are not on the 8X9X palts. This manual is 
written about the 8X9XBH parts, generically referred 
to as an 8096BH. Where the standard 8X9X parts dif- 
fer from the 8096BH, notations will be made. 


The 8096BH can be separated into :,everal sections for 
the purpose of describing its operation. There is a 16-bit 
CPU, a programmable High Speed I/O Unit, an analog 
to digital converter, a serial port, amd a Pulse Width 
Modulated (PWM) output for digital to analog conver- 
sion. In addition to these functional units, there are 
some sections which support overall operation of the 
chip such as the clock generator. The CPU and the 
programmable I/O 
make the 8096BH very different 


from any other microcontroller. 
Lt:t us first examine 


the CPU. 


The major components of the CPU on the 8096BH are 
the Register File and the RALU. Communication with 
the outside world is done through either the Special 
Function Registers (SFRs) or the Memory Controller. 
The RALU (Register/Arithmetic 
Logic Unit) does not 


use an accumulator, it operates directly on the 256-byte 
register space made up of the Register File and the 
SFRs. Efficient I/O operations are possible.by directly 
controlling the I/O through the SFRs. The main bene- 
fits of this structure are the ability to quickly change 
context, the absence of accumulator 
bottleneck, and 


fast throughput and I/O times. 


A "Control Unit" and two busses connect the Register 
File and RALU. Figure I shows the CPU with its 
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which is 8-bits wide, and the "D-Bus" which is 16-bits 
wide. The D-Bus transfers 
data 
only between the 
RALU and the Register File or Special Function Regis- 
ters (SFRs). The A-Bus is used as the address bus for 
the above transfers or as a multiplexed address/data 
bus connecting to the "MemoI')' Controller". Any ac- 
cesses of either the internal RO:M or external memory 
are done through the Memory Controller. 


Within the memory controller is a slave program coun- 
ter (Slave PC) which keeps track of the PC in the CPU. 
By having most program fetche:s from memory refer- 
enced to the slave PC, the procc$sor saves time as ad- 
dresses seldom have to be sent to the memory control- 
ler. If the address jumps sequenee then the slave PC is 
loaded with a new value and processing continues. 
Data fetches from memory are also done through the 
memory controller, but the slave PC is bypassed for 
this operation. 


The Register File contains 232 bytes of RAM which 
can be accessed as bytes, words, or double-words. Since 
each of these locations can be used by the RALU, there 
are essentially 232 "accumulators". 
The first word in 


me:l\.e:gJSlerrue 
1S reservea ror use as ttte stack pomter 


so it can not be used for data when stack manipulations 
are taking place. Addresses for accessing the Register 
File and SFRs are temporarily stored in two 8-bit ad- 
dress registers by the CPU hardware. 


Instructions to the RALU are taken from the A-Bus 
and stored temporarily in the instruction register. The 
Control Unit decodes the instructions and generates the 
correct sequence of signals to have the RALU perform 
the desired function. Figure 1 shows the instruction 
register and the control unit. 


Most calculations performed by the 8096BH take place 
in the RALU. The RALU, shown in Figure 2, contains 
a 17-bit ALU, the Program Status Word (PSW), the 
Program Counter (PC), a loop counter, and three tem- 
porary registers. All of the registers are 16-bits or 
17-bits (16+ 
sign extension) wide. Some of the regis- 


ters have the ability to perform simple operations to off- 
load the ALD. 


The crystal or external oscillator frequency is divided 
by 3 to generate the three internal timing phases as 
shown in Figure 4. Each of the internal phases repeat 
every 3 oscillator periods: 3 oscillator periods are re- 
ferred to as one "state time", the basic time measure- 
ment for 8096BH operations. Most internal operations 
are synchronized to either Phase A, B or C, each of 
which have a 33% duty cycle. Phase A is represented 
externally by CLKOUT, 
a signal available on the 
68-pin part. Phases B and C are not available external- 
ly. The relationships ofXTALl, 
CLKOUT, and Phases 
A, B, and C are shown in Figure 4. It should be noted 
that propagation delays have not been taken into ac- 
count in this diagram. Details on these and other tim- 
ing relationships can be found in the Hardware Design 
chapter. 


A separate incrementor is used for the PC; however, 
jumps must be handled through the ALU. Two of the 
temporary registers have their own shift logic. These 
registers are used for the operations which require logi- 
cal shifts, including Normalize, Multiply, and Divide. 
The "Lower Word" register is used only when double- 
word quantities are being shifted, the "Upper Word" 
register is used whenever a shift is performed or as a 
temporary 
register for many instructions. 
Repetitive 
shifts are counted by the 5-bit "Loop Counter". 


A temporary register is used to store the second oper- 
and of two operand instructions. This includes the mul- 
tiplier during multiplications and [he divisor during 
divisions. To perform subtractions, the output of this 
register can be complemented befon: being placed into 
the "B" input of the ALU. 


The DELAY shown in Figure 2 is used to convert the 
16-bit bus into an 8-bit bus. This is required as all ad- 
dresses and instructions are carried on the 8-bit A-Bus. 
Several constants, such as 0, I and 2 are stored in the 
RALU 
for use in speeding up certain calculations. 
These corne in handy when the RAIU needs to make a 
2's complement number or perfornl an increment or 
decrement instruction. 


The 8096BH requires an input clock frequency of be- 
tween 6.0 MHz and 12 MHz to function. This frequen- 
cy can be applied directly to XTALJ. 
Alternatively, 
since XTAL I and XTAL2 are input:. and outputs of an 
inverter, it is also possible to use a crystal to generate 
the clock. A block diagram of the oscillator section is 
shown in Figure 3. Details of the drcuit and sugges- 
tions for its use can be found in Seclion I of the Hard- 
ware Design chapter. 


Figure 3. Block Diagram of Oscillator 


The RESET line can be used to start the 8096BH at an 
exact time to provide for synchronization of test equip- 
ment and multiple chip systems. Use of this feature is 
fully explained under RESET, Section 13. 


PHASE 
A 
(CLOCKOUT) 


inter 


The addressable memory space on the 8096BH consists 
of 64K bytes, most of which is available to the user for 
program or data memory. Locations which have special 
purposes 
are OOOOHthrough 
OOFFH and 
IFFEH 
through 2080H. All other locations can be used for ei- 
ther program or data storage or for memory mapped 
peripherals. A memory map is :;hown in Figure 5. 


be executed from this internal RAM section. If an at- 
tempt to execute instructions 
from locations OOOH 


through OFFH is made, the instructions will be fetched 
from external memory. This section of external memo- 
ry is reserved for use by Intel development tools. Exe- 
cution of a nonmaskable interrupt (NMI) will force a 
call to external location OOOOH,therefore, the NMI in- 
struction is also reserved for Intel development tools. 


The RALU can operate on any of the 256 internal reg- 
ister locations. Locations OOHthrough 17H are used to 
access the SFRs. Locations 18H and 19H contain the 
stack pointer. These are not SFRs, and may be used as 
standard RAM if stack operations are not being per- 
formed. The stack pointer must be initialized by the 
Locations OOHthrough OFFH contain the Register File 
and Special Function Registers, (SFRs). No code can 
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18 
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17 
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SECURITY KEY 
16 
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15 
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SELF JUIolP OPCOOE (27H FEH) 
U 
RESERVEO 
13 
- 
CHIP CONFIGURATION BYTE 
12 
RESERVEO 
11 


10 
INTERRUPT VECTORS 
9 


8 


7 
PORT. 


6 
PORT 3 


5 
EXTERNAL IolEIolORY 
• 
OR I/O 


3 
INTERNAL RAIol 
2 
REGISTER FILE 
STACK POINTER 
1 
SPECIAL FUNCTION REGISTERS 


0 
(WHEN ACCESSEO AS OATA IolEIolORY) 


STACt: POINTER 


PWIol CONTROL 


IOC1 


lOCO 


RESERVEO 


SP_CON 


10 pom 
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10 POF:T 1 


BAUO_RATE 
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WATCHOOG 


INT PENOING 


INT Iol~SK 


SBUF (TX) 


HSO 
CJIolIolANO 


HSO_ TIIolE (HI) 


HSO 
TlIolE (LO) 


HSLIolCOE 


AO COI4IolANO 


RO (HI) 


RO (LO; 
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are not present 
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2019H 


201BH 


2012H-2017H 


2000H 


1FFFH 


lFFEH 
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user program and can point anywhere in the 64K mem- 
ory space. The stack builds down. There are no restric- 
tions on the use of the remaining 230 locations except 
that code cannot be executed from them. 


All of the I/O on the 8096BH is controlled through the 
SFRs. Many of these registers servt: two functions; one 
if they are read from, the other if they are written to. 
Figure 5 shows the locations and II1mes of these regis- 
ters. A summary of the capabiliticlSof each of these 
registers is shown in Figure 6, with complete descrip- 
tions reserved for later sections. 


There are several restrictions on using special function 
registers. 


Neither the source or destination addresses of the Mul- 
tiply and Divide instructions can be a writable special 
function register. 


These registers may not be used as 'base or index regis- 
ters for indirect or indexed instructJlons. 


These registers can only be accessed as bytes unless 
otherwise specified in Figure 6. Note:that some of these 
registers can only be accessed as words, and not as 
bytes. 


Within the SFR space are several registers labeled 
"RESERVED". 
These registers are reserved for future 


expansion and test purposes. Operations should not be 
performed with these registers as re:lds from them and 
writes to them may produce unexpected results. For 
example, in some versions of the 8096 writing to loca- 
tion OCH will set both timers to OFFFXH. This may 
not be the case in future products, ,,0 it should not be 
used as a feature. 


The upper 16 RAM locations (OFOH through OFFH) 
receive their power from the VpD pi:~.If it is desired to 
keep the memory in these locations alive during a pow- 
er down situation, one need only k,eep voltage on the 


VPD pin. The current required to keep the RAM alive 
is approximately 1 milliamp (refer to the data sheet for 
the exact specification). Both VCC and VPD must have 
power applied for normal operation. If VPD is not ap- 
plied the power down RAM will not function properly, 
even if Vcc is applied. 


To place the 8096BH into a power down mode, the 
RESET pin is pulled low. Two state times later the part 
will be in reset. This is necessary to prevent the part 
from writing into RAM as the power goes down. The 
power may now be removed from the Vcc pin, the 
VPD 
pin 
must 
remain 
within 
specifications. 
The 


8096BH can remain in this state for any amount oftime 
and the 16 RAM bytes will retain their values. 


To bring the 8096BH out of power down, RESET is 
held low while Vcc is applied. Two state times after the 
oscillator has stabilized, the RESET pin can be pulled 
high. On the 8X9X devices the back-bias 
generator 
must 


also stabilize. 
This requires approximately 
1millisecond. 


The 8096BH will begin to execute code at location 
02080H 10 state times after RESET is pulled high. Fig- 
ure 7 shows a timing diagram of the power down se- 
quence. To ensure that the 2 state time minimum reset 
time (synchronous with CLKOUT) is met, it is recom- 
mended that 10 XTALI cycles be used. Suggestions for 
actual hardware connections are given in the Hardware 
Design Chapter. Reset is discussed in Section 13. 


To determine if a reset is a return from power down or 
a complete cold start a "key" can be written into pow- 
er-down RAM while the part is running. This key can 
be checked on reset to determine which type of reset 
has occurred. In this way the validity of the power- 
down RAM can be verified. The length of this key de- 
termines the probability that this procedure will work, 
however, there is always a statistical chance that the 
RAM will power up with a replica of the key. 


Under 
most circumstances, 
the power-fail indicator 


which is used to initiate a power-down condition must 
come from the unftltered, unregulated section of the 
power supply. The power supply must have sufficient 
storage capacity to operate the 8096BH until it has 
completed its reset operation. 


Register 
Description 
Section 


RO 
Zero Register - 
Always reads as a zero, useful for a base when 
3 
indexing and as a constant 
for calculations 
and compares. 


AD_RESULT 
AID 
Result Hi/low 
- 
low 
and high order Results of the AID 
8 
converter 
(byte read only) 


AD_COMMAND 
A/D 
Command 
Register - 
Controls 
the AID 
8 


HSI_MODE 
HSI Mode Register - 
Sets the mode of the High Speed Input unit. 
6 


HSI_TIME 
HSI Time Hi/lo 
- 
Contains 
the time at which the High Speed 
6 
InpLlt unit was triggered. 
(word read only) 


HSO_TIME 
HSO Time Hille 
- 
Sets the time or count for the High Speed 
7 


Output to execute the command 
in the Command 
Register. 
(word 
write only) 


HSO_COMMAND 
HSO Command 
Register - 
Determines 
what will happen at the 
7 


time loaded into the HSO Time registers. 


HSI_STATUS 
HSI Status Registers 
-Indicates 
which HSI pins were detected 
at 
6 
the lime in the HSI Time registers 
and the current state of the pins. 


SBUF (TX) 
Trarsmit 
buffer for the serial port, holds contents 
to be outputted. 
9 


SBUF (RX) 
Receive buffer for the serial port, holds the byte just received 
by 
9 
the 8erial port. 


INT_MASK 
Interrupt 
Mask Register - 
Enables or disables the individual 
4 


interrupts. 


INT_PENDING 
Interrupt 
Pending Register - 
Indicates that an interrupt 
signal has 
4 


occurred 
on one of the sources and has not been serviced. 


WATCHDOG 
Watchdog 
Timer Register - 
Written to periodically 
to hold off 
12 
automatic 
reset every 64K state times. 


TIMER1 
Timer 1 Hi/lo 
- 
Timer 1 high and low bytes. (word read only) 
5 


TIMER2 
Timer 2 Hi/lo 
- 
Timer 2 high and low bytes. (word read only) 
5 


10PORTO 
Port 0 Register - 
levels 
on pins of port O. 
10 


BAUD_RATE 
Regi::;ter which determines 
the baud rate, this register is loaded 
9 


sequentially. 


IOPORT1 
Port 1 Register - 
Used to read or write to Port 1. 
10 


IOPORT2 
Port :~Register - 
Used to read or write to Port 2. 
10 


SP_STAT 
Serial Port Status - 
Indicates the status of the serial port. 
9 


SP_CON 
Serial Port Control - 
Used to set the mode of the serial port. 
9 


10SO 
I/O Status Register 0 - 
Contains 
information 
on the HSO status 
11 


IOS1 
I/O Status Register 
1 - 
Contains 
information 
on the status of the 
11 


timer:> and of the HSI. 


lOCO 
I/O Control 
Register 
0 - 
Controls 
alternate 
functions 
of HSI pins, 
11 


Timer 2 reset sources and Timer 2 clock sources. 


IOC1 
I/O Control 
Register 
1 - 
Controls 
alternate 
functions 
of Port 2 
11 


pins, ·timer interrupts 
and HSI interrupts. 


PWM_CONTROl 
Pulse Width Modulation 
Control 
Register - 
Sets the duration 
of 
8 
the PWM pulse. 


inter 


RESET~ 


XTALI 
. 


10 XTALI CYCLES 


A listing of locations with special significance is shown 
in Figure 8. The locations marked "Reserved" are re- 
served by Intel for use in testing or future products. 
They must be filled with the Hex value FFH to insure 
compatibility with future parts. 


Locations IFFEH and IFFFH are reserved fo~Ports 3 
and 4 respectively. This is to allow easy reconstruction 
of these ports if external memory is used in the system. 
An example of reconstructing the I/O ports is given in 
section 7 of the Hardware Design chapter. If ports 3 
and 4 are not going to be reconstructed, these locations 
can be treated as any other external memory location. 


The 9 interrupt vectors are stored in locations 2000H 
through 2011H. The 9th vector is used by Intel devel- 
opment systems, as explained in Se,;tion 4. 


Locations 2012H through 2017H are reserved for fu- 
ture use. Location 2018H is the Chip Configuration 
byte which will be discussed in th,~ next section. The 
Jump-To-Self opcodes at locations .laIAH and 20lBH 
are provided for EPROM programming as detailed in 
the 
Hardware 
Design 
chapter. 
Locations 
2020H 
through 
202FH are the security key used with the 
ROM Lock feature which will be d:.scussed in the next 
section. All unspecified addresses III locations 2000H 
through 
207FH, 
including 
those marked 
Reserved, 
should be considered reserved for use by Intel. 


Resetting the 8096BH causes instrw:tions to be fetched 
starting from location 2080H. This location was chosen 
to allow a system to have up to 8K cf RAM continuous 
with the register file. Further information on reset can 
be found in Section 13. 


OOOOH- 0017H 
Register Mapped I/O (SFRs) 
, 


0018H- 
0019H 
Stack Pointer 
1FFEH- 
1FFFH 
Ports 3 and 4 
2000H- 
2011H 
Interrupt Vectors 
2012H- 
2017H 
Reserved 
2018H 
Chip Configuration Byte 
2019H 
Reserved 
201AH- 
201BH 
"Jump to Self" Opcode (27H FEH) 
201CH- 
201FH 
Reserved 
2020H- 
202FH 
Security Key 
2030H- 
207FH 
Reserved 
2080H 
Reset Location 


When a ROM part is ordered, or an EPROM part is 
programmed, 
the internal 
memory locations 2080H 
through 3FFFH are user specified, as are the interrupt 
vectors, Chip Configuration Register and Security Key 
in locations 2000H through 202FH. 


Instruction and data fetches from the internal ROM or 
EPROM 
occur 
only if the part 
has a ROM 
or 
EPROM, EA is tied high, and the address is between 
2000H and 3FFFH. At all other times data is accessed 
from either the internal RAM space or external memo- 
ry and instructions are fetched from external memory. 
The EA pin is latched on RESET rising. Information 
on programming EPROMs can be found in Section 10 
of the Hardware Design chapter. 


Do not execute code out of the last three locations of 
internal ROM/EPROM. 


inter 


2.6 
Memory Controller 


The RALU talks to the memory (except for the loca- 
tions in the register file and SFR space) through the 
memory controller which is com:.ectedto the RALU by 
the A-Bus and several control lines. Since the A-Bus is 
eight bits wide, the memory controller uses a Slave Pro- 
gram Counter to avoid having to always get the instruc- 
tion location from the RALU. This slave PC is incre- 
mented after each fetch. When .1 jump or call occurs, 
the slave PC must be loaded from the A-Bus before 
instruction fetches can continue. 


In addition to holding a slave PC, the memory control- 
ler contains a 3 byte queue to help speed execution. 
This queue is transparent to the lULU 
and to the user 


unless wait states are forced duri:ng external bus cycles. 
The instruction execution times shown in Section 14.8 
show the normal execution timt:s with no wait states 
added and the 16-bit bus selected. Reloading the slave 
PC and fetching the first byte of the new instruction 
stream takes 4 state times. This is reflected in the jump 
taken/not-taken 
times shown in the table. 


2.7 System Bus 


There are several operating modes on the 8096BH. The 
standard bus mode uses a 16-bit multiplexed address/ 
data bus. Other bus modes include an 8-bit mode and a 
mode 
in which 
the bus size can 
dynamically 
be 


switched between 8-bits and 16-bits. In addition, there 
are several options available on the type of control sig- 
nals used by the bus. 8X9X devices only operate in the 
standard mode. 


In the standard mode, external memory is addressed 
through lines ADO through ADIS which form a 16-bit 
multiplexed (address/data) 
data bus. These lines share 


pins with I/O Ports 3 and 4. The falling edge of the 
Address Latch Enable (ALE) line is used to provide a 
clock to a transparent latch (74LS373) in order to de- 
multiplex the bus. A typical circuit and the required 
timings are shown in Section 7 of the Hardware Design 
chapter. Since the 8096BH's external memory can be 
addressed as either bytes or words, the decoding is con- 
trolled with two lines, Bus High Enable (BHE) and 
AddresslData 
Line 0 (ADO). On the 8X9X devices the 


BHE line must be transparently latched, just as the ad- 
dresses are. 


To avoid confusion during the explanation of the mem- 
ory system it is reasonable to give names to the demulti- 
plexed address/data signals. The address signals will be 
called MAO through MA1S (Memory Address), and 
the data signals will be called MOO through MD 15 
(Memory Data). 


When BHE is active (low), the memory connected to 
the high byte of the data bus should be selected. When 
MAO is low the memory connected to the low byte of 


!l11' 


-- 
DATA 
IN 
I~c)----- 


NOTES: 
1. These sections are not validon 13X9Xdevices (16-bitMode) 
2. BHE/INSTare validfor the entim bus cycle on the 8096BH 


~ 


'IF ALE IS HIGH 
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the data bus should be selected. In this way accesses to 
a 16-bit wide memory can be to the low (even) byte 
only (MAO=O, BHE= I), to the high (odd) byte only 
(MAO= I, 
BHE=O), 
or to 
both 
bytes (MAO=O, 


BHE = 0). When a memory block is being used only for 
reads, BHE and MAO need not be decoded. 


Figure 9 shows the idealized waveforms related to the 
following description of external memory manipula- 
tions. For exact timing specifications please refer to the 
latest data sheet. When an external memory fetch be- 
gins, the address latch enable (ALE) line rises, the ad- 
dress is put on ADO-ADI5 
and BHE is set to the re- 
quired state. ALE then falls, the address is taken off the 
pins, and the RD (Read) signal goes low. When RD 
falls, external memory should plesent its data to the 
8096BH. 


The data from the external memory must be on the bus 
and stable for a minimum of the specified set-up time 
before the rising edge of RD. The rising edge of RD 
latches the information into the 8096BH. If the read is 
for data, the INST pin will be low when the address is 
valid, if it is for an instruction the INST pin will be 
high during this time. The 48-lead part does not have 
the INST pin. The INST pin will be low for the Chip 
Configuration Byte and Interrupt Vector fetches. 


Writing to external memory requires timings that are 
similar to those required when leading from it. The 
main difference is that the write (WR) signal is used 
instead of the RD signal. The timings are the same until 
the falling edge of the WR Iim:. At this point the 
8096BH removes the address and places the data on the 
bus. When the WR line goes high the data should be 
latched to the external memory. In systems which can 
write to byte locations, the ADO and BHE lines must be 
used to decode WR into WRite 
1;0 Low byte (WRL) 


and WRite to High byte (WRH) signals. INST is al- 
ways low during a write, as instructions cannot be writ- 
ten. The exact timing specification l for memory access- 
es can be found in the data sheet. 


A ready line is available on the 8096BH to extend the 
width of the RD and WR pulses in order to allow ac- 
cess of slow memories or for DMA purposes. If the 
READY line is low by the specified time after ALE 
falls, the 8096BH will hold the bus lines to their values 
at the falling edge of CLKOUT. When the READY 
line rises the bus cycle will continue with the next fail- 
ing edge of CLKOUT. 


Since the bus is synchronized to CLKOUT, it can be 
held only for an integral number of state times. If more 
than TYLYH nanoseconds are added the processor will 
act unpredictably. 


There are several set-up and hold times associated with 
the READY signal. If these timings are not met, the 
part may not respond with the proper number of wait 
states. 


For falling edges of READY, sampling is done inter- 
nally on the falling edge of Phase A. Since Phase A 
generates CLKOUT, 
(after some propagation 
delay) 


the sample will be taken prior to CLKOUT falling. The 
timing specification for this is given as TLLYV, the 
time between when ALE falls and READY must be 
valid. If READY changes between TLL YV max and 
the falling edge of CLKOUT (TLLYH MIN on 48-lead 
devices) it would be possible to have the READY sig- 
nal transitioning as it is being sampled. 


This 
situation 
could 
cause a metastable 
condition 


which could make the device operate unpredictably. 


For the rising edge of READY, sampling is done inter- 
nally on the rising edge of Phase A. The rising edge 
logic is fully synchronized, so it is not possible to cause 
a metastable condition once the device is in a valid not- 
ready condition. To cause one wait state to occur the 
rising edge of READY 
must occur before TLL YH 


MAX after ALE falls. If the signal is brought up after 
this time two wait states may occur. If two wait states 
are desired, READY should be brought high within the 
TLLYH specification + 3 Tosc. Additional wait states 
can be caused by adding additional state times to the 
READY low time. The maximum amount of time that 
a device may be held not-ready is specified as TYLYH. 


The 8096BH has the ability to internally limit the num- 
ber of wait states to I, 2, or 3 as determined by the 
value in the Chip Configuration Register, (CCR). Us- 
ing the CCR for ready timing is discussed at the end of 
this section. If a ready limit is set, the TLL YH MAX 
specification is not used. The 8X9X devices do not have 
internal ready control. 


The 8096BH supports a variety of options to simplify 
memory systems, interfacing requirements and ready 
control. Bus flexibility is provided by allowing selection 
of bus control signal definitions and runtime selection 
of the external bus width. In addition, several ready 
control modes are available to simplify the external 
hardware requirements for accessing slow devices. The 
Chip Configuration Register (CCR) is used to store the 
operating mode information. 


Since there is no CCR on 8X9X devices, they can only be 
configured in the standard mode. This is the mode the 
8096BH will run in if the CCR i., loaded with OFFH. 


Configuration information is stor,ed in the Chip Config- 
uration Register (CCR). Four of the bits in the register 
specify the bus control mode and ready control mode. 
Two bits also govern the level of ROMIEPROM 
pro- 


tection and one bit is NANDed with the BUSWIDTH 
pin every bus cycle to determine the bus size. The CCR 
bit map is shown in Figure 10. The functions associated 
with each bit are described in thi:; section. 


RESERVED 
(Set 
to 
1 for 
compatibility 
with 
future 
ports) 


BUS 
WIDTH 
SELECT 
(16 - BIT BUS / 
-a---B-IT-B-U-S) 


WRITE 
STROBE 
tolODE SELECT 


(WR 
AND 
BHE/WRL 
AND WRR) 


ADDRESS~~L1D 
STROBE 
SELECT 


(ALE/ 
AD\;) 


(IRCO) 
} INTERNAL 
READY 


(IRC1) 
CONTROL 
tolODE 


(LOCO)} 
PROGRAtol 
LOCK 


(LOC1) 
tolO)E 
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The CCR is loaded on reset with the Chip Configura- 
tion Byte, located at address 2018H. The CCR register 
is a non-memory mapped location that can only be 
written to during the reset sequenct:; once it is loaded it 
cannot be changed until the nex1 reset occurs. The 
8096BH will correctly read this location in every bus 
mode. 


If the EA pin is set to a logical 0, the access to 2018H 
comes from external memory. If E,\ is a logical I, the 
access comes from internal ROM/EPROM. 
If EA is 


+ 12.5V, the CCR is loaded with a byte from a separate 
non-memory-mapped location called PCCB (Program- 
ming CCB). The Programming mode is described in 
Section 10 of the Hardware Design chapter. 


The CCR is not present on 8X9X devices, but the Chip 
Configuration Byte at location 2018H should contain the 
hex value OFFH to provide future compatibility. 8X9X 
devices do not access location 2018H on reset. 


The 8096BH external bus width can be run-time config- 
ured to operate as a standard 
16-bit multiplexed ad- 


dress/ data bus, or as an 8051 style 16-bit address/8·bit 
data bus. 


During 16-bit bus cycles, Ports 3 and 4 contain the 
address multiplexed with data using ALE to latch the 
address. In 8-bit bus cycles, Port 3 is multiplexed ad- 
dress/data 
while Port 4 is address bits 8 through 15. 


The address bits on Port 4 are valid throughout an 8-bit 
bus cycle. Figure II shows the two options. 


The bus width can be changed each bus cycle and is 
controlled using bit 1 of the CCR with the BUS- 
WIDTH pin. If either CCR.I or BUSWIDTH is a 0, 
external accesses will be over a 16-bit address/8-bit 
data bus. If both CCR.l and BUSWIDTH are Is, ex- 
ternal accesses will be over a 16-bit address/16-bit data 
bus. Internal accesses are always 16-bits wide. 


The bus width can be changed every external bus cycle 
if a 1 was loaded into CCR bit 1 at reset. If this is the 
case, changing the value of the BUSWIDTH pin at run- 
time will dynamically select the bus width. For exam- 
ple, the user could feed the INST line into the BUS- 
WIDTH 
pin, thus causing instruction accesses to be 


word wide from EPROMs while data accesses are byte 
wide to and from RAMs. A second example would be 
to place an inverted version of Address bit 15 on the 
BUSWIDTH 
pin. This would make half of external 


memory word wide, while half is byte wide. 


Since BUSWIDTH is sampled after address decoding 
has had time to occur, even more complex memory 
maps could be constructed. See the timing specifica- 
tions for an exact description of BUSWIDTH timings. 
The bus width will be determined by bit 1 of the CCR 
alone on 48-pin parts since they do not have a BUS- 
WIDTH pin. 


When using an 8-bit bus, some performance degrada- 
tion is to be expected. On the 8096BH, instruction exe- 
cution times with an 8-bit bus will slow down if any of 
three conditions occur. First, word writes to external 
memory will cause the executing instruction to take 
two extra state times to complete. Second, word reads 
from external memory will cause a one state time exten- 
sion of instruction execution time. Finally, if the pre- 
fetch queue is empty when an instruction fetch is re- 
quested, instruction 
execution is lengthened by one 


state time for each byte that must be externally ac- 
quired (worst case is the number of bytes in the instruc- 
tion minus one.) 


inter 


BUS CONTROL) 


PORT <4 


PORT :3 


S-BIT 
PORT <4 
LATCHED 
ADDRESSHIGH 


Using the CCR, the 8096BH can he made to provide 
bus control signals of several types. Three control lines 
have dual functions designed to reduce external hard- 
ware. Bits 2 and 3 of the CCR specify the functions 
performed by these control lines. Figures 12-15 show 
the signals which can be modified by changing bits in 
the CCR, all other lines will operate as shown in Figure 9. 


ALEJ"l 
__ 
.~ 


BHE1 
V_A_L1_D. 
1 


ADO -15 ---1 
ADDR 
~A 
OUT 
~ 


If CCR bits 2 and 3 are Is, then the standard 8096BH 
control ~s 
WR, BHE and ALE are provided (Fig- 


ure 12). WR will come out for every write. BHE will be 
valid throughout 
the bus cycle and can be combined 


with WR and address line 0 to form WRL and WRH. 
ALE will rise as the address starts to come out, and will 
fall to provide the signal to externally latch the address. 
The control signals on 8X9X devices are similar, 
but not 


identical 
to those shown 
here. Figure 9 shows the 8X9X 


timings. 


u 


ADO -7 
----fDDR 
Lowl 
DATA OUT r-- 


ADS -15 --1 
A_DD_R_E_S_S_H_IG_H~ 
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The Write Strobe Mode eliminates the necessity to ex- 
ternally decode for odd or even byte writes. If CCR bit 
2 is a 0, and the bus is in a l6-bit cycle, WRL and 
WRH signals are provided in place of WR and BHE 
(Figure 13). WRL will go low for all byte writes to an 
even address and all word writes. WRH will go low for 
all byte writes to an odd address, and all word writes. 


WRL is provided for all 8-bit bus write cycles. 


ALE 11 
---.JL 


WRL 
[~ 


WRH 
[~ 


ADO-15 --1 
ADDR 
~TAOUT 
~ 
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If CCR bit 3 is a 0, then an Address Valid strobe is 
provided in the place of ALE (Figure 14). When the 
address valid mode is selected, ADV will go low after 
an external address is set up. It will stay low until the 
end of the bus cycle, where it will go inactive high. This 
can be used to provide a chip select for external memory. 


LJ 


ADO -7 
-1ADDR 
LOWI 
DATA OUT 
~ 


AD8 -15 -1...__ 
A_D_DR_E_S_S_H_IG_H~ 


SHEI 
V_A_LI_D 
I 


ADO -15 
~_O_U_T 
__ 
~ 
u 


ADO-7 
-1ADDR 
LOwl 
DATA OUT 
~ 


AD8 - 15 -1 
ADDRESSOUT HIGH 
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ADV~----.r- 
ADV 


WRL 
~~ 
WRL 
U 


WRH 
~~ 
ADO -7 --1 ADDR LOWI 
DATA OUT r- 


ADO -15 -1 
ADDR 
~~ 
ADS -15 -i 
ADDRESS HIGH r- 
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16·Blt Bus Cycle 
8-Bit Bus Cycle 


Ifboth CCR bits 2 and 3 are Os,both the Address Valid 
strobe and the Write Strobes will be provided for bus 
control. Figure 15 shows these signals. 


To simplify ready control, four modes of internal ready 
control logic have been provided. The modes are cho- 
sen by properly configuring bits 4 md 5 of the CCR. 


The internal ready control logic can be used to limit the 
number of wait states that slow devices can insert into 
the bus cycle. When the READY pin is pulled low, 
wait states will be inserted into the bus cycle until the 
READY pin goes high, or the number of wait states 
equals the number specified by CCR bits 4 and 5, 
whichever comes first. Table 1 sh.ows the number of 
wait states that can be selected. Internal Ready control 
can be disabled by loading 11 into bits 4 and 5 of the 
CCR. 


IRC1 
IRCO 
Description 


0 
0 
Limit to 1 Wa t State 
0 
1 
Limit to 2 Wa t States 
1 
0 
Limit to 3 Wa t States 
1 
1 
Disable Internal Ready Control 


This feature provides for simple ready control. For ex- 
ample, every slow memory chip ,elect line could be 
ORed together and be connected to the READY pin 
with CCR bits 4 and 5 programmed to give the desired 
number of wait states to the slow devices. 


Four modes of program memory lock are available on 
the 839XBH and 879XBH parts. CCR bits 6 and 7 
(LOCO, LOCI) select whether internal program memo- 
ry can be read (or written in EPROM parts) by a pro- 
gram executing from external memory. The modes are 
shown in Table 2. Internal ROM/EPROM 
addresses 


2020H through 3FFFH are protected from reads while 
2000H through 3FFFH are protected from writes, as 
set by the CCR. 


LOC1 
LOCO 
Protection 


0 
0 
Read and Write Protected 
0 
1 
Read Protected 
1 
0 
Write Protected 


1 
1 
No Protection 


Only code executing from internal memory can read 
protected 
internal memory, while a write protected 


memory can not be written to, even from internal exe- 
cution. As a result of 8096BH prefetching of instruc- 
tions, however, accesses to protected memory are not 
allowed for instructions located above 3FFAH. This is 
because the lock protection mechanism is gated off of 
the Memory Controller's slave program counter and 
not the CPU program counter. If the bus controller 
receives a request to perform a read of protected memo- 
ry, the read sequence occurs with indeterminate data 
being returned to the CPU. Note that the interrupt vec- 
tors and the CCR are not protected. 


To provide verification and testing when the program 
lock feature is enabled, the 839XBH and 879XBH veri- 
fy the security key before programming or test modes 
are allowed to read from protected memory. Before 
protected memory can be read, the chip reads external 
memory locations 4020H through 402FH and com- 
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pares the values found to the internal security key lo- 
cated from 2020H through 202FH. Only when the val- 
ues exactly match will accesses to protected memory be 
allowed. The details of ROM/EPROM 
accessing are 
discussed in Section 10 of the Hardware Design chap- 
ter. 


This section provides information on writing programs 
to execute in the 8096BH. Additional information can 
be found in the following documents: 


MCS@·96 MACRO ASSEMBLll':R USER'S GUIDE 
Order Number 122048 (Intel Systems) 
Order Number 122351 (DOS Systems) 


MCS@·96 UTILITIES 
USER'S GUIDE 
Order Number 122049 (Intel Systems) 
Order Number 122356 (DOS Systems) 


PLIM·96 USER'S GUIDE 
Order Number 122134 (Intel Systems) 
Order Number 122361 (DOS Systems) 


Throughout this section, short sections of code are used 
to illustrate the operation of the device. For these sec- 
tions it has been assumed that a set of temporary regis- 
ters have been predeclared. The names of these registers 
have been chosen as follows: 
AX, BX, CX, and DX are 16-bit registers. 
AL is the low byte of AX, AH is the high byte. 
BL is the low byte of BX 
CL is the low byte of CX 
DL is the low byte of DX 


These are the same as the names for the general data 
registers used in the 8086BH. It is important to note, 
however, that in the 8096, these an: not dedicated regis- 
ters but merely the symbolic names assigned by the 
programmer to an eight byte region within the onboard 
register file. 


The MCS@-96architecture providt:s support for a vari- 
ety of data types which are likely t:>be useful in a con- 
trol application. In the discussion of these operand 
types that follows, the names adopted by the PLM-96 
programming language will be used where appropriate. 
To avoid confusion, the name of an operand type will 
be capitalized. A "BYTE" is an unsigned eight bit vari- 
able; a "byte" is an eight bit unit of data of any type. 


BYTES are unsigned 8-bit variables which can take on 
the values between 0 and 255. Arith.lletic and relational 


operators can be applied to BYTE operands but the 
result must be interpreted in modulo 256 arithmetic. 
Logical operations on BYTES are applied bitwise. Bits 
within BYTES are labeled from 0 to 7, with 0 being the 
least significant bit. There are no alignment restrictions 
for BYTES, so they may be placed anywhere in the 
MCS-96 address space. 


WORDS are unsigned 16-bit variables which can take 
on the values between 0 and 65535. Arithmetic and 
relational operators can be applied to WORD operands 
but the result must be interpreted modulo 65536. Logi- 
cal operations on WORDS are applied bitwise. Bits 
within words are labeled from 0 to 15 with 0 being the 
least significant bit. WORDS must be aligned at even 
byte boundaries in the MCS-96 address space. The least 
significant byte of the WORD is in the even byte ad- 
dress and the most significant byte is in the next higher 
(odd) address. The address of a word is the address of 
its least significant byte. Word operations to odd ad- 
dresses are not guaranteed to operate in a consistent 
manner. 


SHORT-INTEGERS 
are 8-bit signed variables which 
can take on the values between 
-128 
and + 127. 


Arithmetic operations which generate results outside of 
the range ofa SHORT-INTEGER 
will set the overflow 
indicators in the program status word. The actual nu- 
meric result returned will be the same as the equivalent 
operation on BYTE variables. There are no alignment 
restrictions on SHORT-INTEGERS 
so they may be 
placed anywhere in the MCS-96 address space. 


INTEGERS are 16-bit signed variables which can take 
on the values between - 32,768 and 32,767. Arithmetic 
operations which generate results outside of the range 
of an INTEGER will set the overflow indicators in the 
program status word. The actual numeric result re- 
turned will be the same as the equivalent operation on 
WORD variables. INTEGERS 
conform to the same 
alignment and addressing rules as do WORDS. 


BITS are single-bit operands which can take on the 
Boolean values of true and false. In addition to the nor- 
mal support for bits as components 
of BYTE and 
WORD operands, the 8096 provides for the direct test- 
ing of any bit in the internal register file. The MCS-96 
architecture requires that bits be addressed as compo- 
nents of BYTES or WORDS, it does not support the 
direct addressing of bits that can occur in the MCS-5I 
architecture. 
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DOUBLE-WORDS 
are 
unsign~d 
32-bit 
variables 
which 
can 
take 
on 
the 
valu~ 
between 
0 
and 
4,294,967,295. The MCS-96 architecture provides di- 
rect support for this operand type only for shifts and as 
the dividend in a 32 by 16 divide and the product of a 
16 by 16 multiply. For these operations a DOUBLE- 
WORD variable must reside in the on-board register 
file of the 8096 and be aligned at an address which is 
evenly divisible by 4. A DOUBLE-WORD 
operand is 
addressed by the address of its least significant byte. 
DOUBLE-WORD 
operations which are not directly 
supported can be easily implemen';ed with two WORD 
operations. For consistency with Intel provided soft- 
ware the user should adopt the conventions for address- 
ing DOUBLE-WORD operands which are discussed in 
Section 3.5. 


Operands are accessed within the address space of the 
8096 with one of six basic addressing modes. Some of 
the details of how these addressing modes work are 
hidden by the assembly language. If the programmer is 
to take full advantage of the arch itecture, it is impor- 
tant that these details be understood. This section will 
describe the addressing modes as they are handled by 
the hardware. At the end of this sxtion the addressing 


The register-direct mode is used to directly access a 
register from the 256 byte on-board register file. The 
register is selected by an 8-bit field within the instruc- 
tion and register address and must conform to the 


LONG-INTEGERS 
are 32-bit signed variables which 
can take on the values between -2,147,483,648 
and 
2,147,483,647. The MCS-96 architecture provides di- 
rect support for this data type only for shifts and as the 
dividend in a 32 by 16divide and the product of a 16by 
16 multiply. 


LONG-INTEGERS 
can also be normalized. For these 
operations a LONG-INTEGER 
variable must reside in 
the onboard register file of the 8096 and be aligned at 
an address which is evenly divisible by 4. A LONG-IN- 
TEGER is addressed by the address of its least signifi- 
cant byte. 


LONG-INTEGER 
operations which are not directly 
supported can be easily implemented with two INTE- 
GER operations. For consistency with Intel provided 
software, the user should adopt the conventions for ad- 
dressing LONG operands which are discussed in Sec- 
tion 3.5. 


modes will be described as they are seen through the 
assembly language. The six basic address modes which 
will be described are termed register-direct, indirect, in- 
direct with auto-increment, immediate, short-indexed, 
and long-indexed. Several other useful addressing oper- 
ations can be achieved by combining these basic ad- 
dressing modes with specific registers such as the 
ZERO register or the stack pointer. 


alignment rules for the operand type. Depending on the 
instruction, up to three registers can take part in the 
calculation. 


Examples 
ADD 
AX,BX,CX 
MUL 
AX,BX 
INCB 
CL 


AX:=BX+CX 
AX:=AX*BX 
CL:=CL+l 


The indirect mode is used to acces:.an operand by plac- 
ing its address in a WORD variable in the register file. 
The calculated address must conform to the alignment 
rules for the operand type. Note that the indirect ad- 
dress can refer to an operand anywhere within the ad- 
dress space of the 8096, including the register file. The 


register which contains the indirect address is selected 
by an eight bit field within the instruction. An instruc- 
tion can contain only one indirect reference and the 
remaining operands of the instruction (if any) must be 
register-direct references. 


Examples 
LD 
AX, [AX] 
ADDB 
AL,BI.,[CX] 
POP 
[AX] 


AX:=MEM_WORD(AX) 
AL:=BL+MEM_BYTE(CX) 
MEM_WORD(AX) :=MEM_WORD(SPj 
SP:=SP+2 
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This addressing mode is the same as the indirect mode 
except that the WORD variable which contains the in- 
direct address is incremented after it is used to address 
the operand. If the instruction operates on BYTES or 


SHORT-INTEGERS 
the indirect address variable will 


be incremented by one, if the instruction operates on 
WORDS or INTEGERS 
the indirect address variable 
will be incremented by two. 


Examples 


LD 
AX, [3X]+ 


ADDB 
AL,BJ:',[CX]+ 


PUSH 
[AX]+ 


AX:=MEM_WORD(BX) 
; BX:=BX+2 
AL:=BL+MEM_BYTE(CX) 
; CX:=CX+1 
SP:=SP-2 ; 


MEM_WORD(SP) :=MEM_WORD(AX) 
AX:=AX+2 


This addressing mode allows an operand to be taken 
directly from a field in the instruc:tion. For operations 
on BYTE or SHORT-INTEGER 
operands this field is 
eight bits wide, for operations 
011 WORD or INTE- 


GER operands the field is 16 bits wide. An instruction 
can contain only one immediate reference and the re- 
maining operand(s) must be register-direct references. 


Examples 
ADD 
AX,#340 


PUSH #1234H 
DIVB AX,#lO 


AX:=AX+340 
SP:=SP-2; 
MEM_WORD(SP) :=1234H 
AL:=AX/10: 
AH:=AX 
MOD 10 


In this addressing mode an eight bit field in the instruc- 
tion selects a WORD variable in the register file which 
is assumed to contain an address. A second eight bit 
field in the instruction 
stream is sign-extended and 


summed with the WORD variable to form the address 
of the operand which will take part in the calculation. 


Since the eight bit field is sign-extended, the effective 
address can be up to 128bytes before the address in the 
WORD variable and up to 127 bytes after it. An in- 
struction can contain only one short-indexed reference 
and the remaining operand(s) must be register-direct 
references. 


Examples 
LD 
AX,12[BX] 


MULB 
AX,BL,3[CX] 
AX:=MEM_WORD(BX+12) 
AX:=BL*MEM_BYTE(CX+3) 


This addressing mode is like the short-indexed mode 
except that a 16-bit field is taken ti:om the instruction 
and added to the WORD variable 10 form the address 
of the operand. No sign extension is necessary. An in- 


struction can contain only one long-indexed reference 
and the remaining operand(s) must be register-direct 
references. 


Examples 


AND 
AX,BX,!ABLE[CX] 


ST 
AX,TABIE[BX] 


ADDB AL,BL,IOOKUP[CX] 


AX:=BX AND MEM_WORD(TABLE+CX) 
MEM_WORD(TABLE+BX) 
:=AX 
AL:=BL+MEM_BYTE(LOOKUP+CX) 


The first two bytes in the register file are fixed at zero 
by the 8096 hardware. In addition to providing a fixed 
source of the constant zero for calculations and com- 
parisons, this register can be used as the WORD vari- 


able in a long-indexed reference. This combination of 
register selection and address mode allows any location 
in memory to be addressed directly. 


Examples 
ADD 
AX,12~;4[0] 
POP 
5678[0] 
AX:=AX+MEM_WORD(1234) 
MEM_WORD(5678) :=MEM_WORD(SP) 
SP:=SP+2 


The system stack pointer in the 8096 can be accessed as 
register l8H of the internal registl:r file. In addition to 
providing for convenient manipulation 
of the stack 
pointer, this also facilitates the accessing of operands in 
the stack. The top of the stack, for example, can 'be 


accessed by using the stack pointer as the WORD vari- 
able in an indirect reference. In a similar fashion, the 
stack pointer can be used in the short-indexed mode to 
access data within the stack. 


Examples 
PUSH 
[SP] 
LD 
AX,2[SP] 
DUPLICATE TOP_OF_STACK 
AX:=NEXT_TO_TOP 


The 8096 assembly language simplifies the choice of 
addressing modes to be used in several respects: 


Direct Addressing. The assembly :language will choose 
between register-direct 
addressin,g and long-indexed 
with the ZERO register depending on where the oper- 
and is in memory. The user can simply refer to an oper- 
and by its symbolic name; if the operand is in the regis- 
ter file, a register-direct reference will be used, if the 
operand is elsewhere in memory, a long-indexed refer- 
ence will be generated. 


Indexed 
Addressing. 
The 
assembly 
language 
will 
choose between short and long indexing depending on 
the value of the index expression. If the value can be 
expressed in eight bits then short indexing will be used, 
if it cannot be expressed in eight bits then long indexing 
will be used. 


The use of these features of the assembly language sim- 
plifies the programming task and should be used wher- 
ever possible. 


The program status word (PSW) is a collection of Bool- 
ean flags which retain information concerning the state 
of the user's program. The format of the PSW is shown 
in Figure 16. The information in the PSW can be bro- 
ken down into two basic categories; interrupt control 
and condition flags. The PSW can be saved in the sys- 
tem stack with a single operation (pUSHF) 
and re- 
stored in a like manner (POPF). 


<Interrupt 
Mask Reg> 


Figure 16. PSW Register 


The lower eight bits of the PSW a.reused to individual- 
ly mask the various sources of int(~rrupt to the 8096. A 
logical' I' in these bit positions enables the servicing of 
the corresponding interrupt. These mask bits can be 
accessed as an eight bit byte (INf_MASK-address 
8) in the on-board register file. Bit 9 in the PSW is the 
global interrupt disable. If this bit is cleared then all 
interrupts will be locked out except for the Non Maska- 
ble Interrupt (NMI). Note that the various interrupts 
are collected in the INT_PENDING 
register even if 
they are locked out. Execution of the corresponding 
service routines will procede according to their priority 
when they become enabled. Further information on the 
interrupt structure of the 8096 can be found in Section 4. 


The remaining bits in the PSW are set as side effects of 
instruction execution and can be tested by the condi- 
tional jump instructions. 


Z. The Z (Zero) flag is set to indical:ethat the operation 
generated a result equal to zero. Fot the add-with-carry 
(ADDC) and subtract-with-borrow (SUBC) operations 
the Z flag is cleared if the result is non-zero but is never 
set. These two instructions are nOlmally used in con- 
junction with the ADD and SUB instructions to per- 
form multiple precision arithmetic. The operation of 
the Z flag for these instructions leayes it indicating the 
proper result for the entire multiple precision calcula- 
tion. 


N. The N (Negative) flag is set to indicate that the 
operation generated a negative result. Note that the N 
flag will be set to the algebraically wrrect state even if 
the calculation overflows. When the NEGB instruction 
is performed on a byte register containing 80H, or the 
NEG instruction is performed on a word register con- 
taining 8000~, the N flag is set. 


V. The V (overflow) flag is set to indicate that the oper- 
ation generated a result which is outside the range that 
can be expressed in the destination data type. For the 
SHL, SHLB and SHLL instructions. the V flag will be 
set if the most significant bit of the operand changes at 
any time during the shift. 


VT. The VT (oVerflow Trap) flag is fletwhenever the V 
flag is set but can only be cleared by an instruction 
which explicitly operates on it such as the CLRVT or 
JVT instructions. The operation of the VT flag allows 
for the testing for a possible overflow condition at the 
end of a sequence of related arithmet.c operations. This 


is normally more efficient than testing the V flag after 
each instruction. 


C. The C (Carry) flag is set to indicate the state of the 
arithmetic carry from the most significant bit of the 
ALU for an arithmetic operation or the state of the last 
bit shifted out of the operand for a shift. Arithmetic 
Borrow after a subtract operation is the complement of 
the C flag (i.e. if the operation generated a borrow then 
C = 0). 


ST. The ST (STicky bit) flag is set to indicate that dur- 
ing a right shift a I has been shifted first into the C flag 
and then been shifted out. The ST flag is undefmed 
after a multiply operation. The ST flag can be used 
along with the C flag to control rounding after a right 
shift. Consider multiplying two eight bit quantities and 
then scaling the result down to 12 bits: 


MULUB 
SHR 
;AX:=CL*DL 
;Shift 
right 
4 places 
AX,CL,DL 
AX,#4 


If the C flag is set after the shift, it indicates that the 
bits shifted off the end of the operand were greater-than 
or equal-to one half the least significant bit (LSB) of the 
result. If the C flag is clear after the shift, it indicates 
that the bits shifted off the end of the operand were less 
than half the LSB of the result. Without the ST flag, 
the rounding decision must be made on the basis of this 
information 
alone. (Normally 
the result 
would be 
rounded up if the C flag is set.) The ST flag allows a 
finer resolution in the rounding decision: 


CST 
Value of the Bits Shifted 
Off 


00 
Value = 0 


01 
o < Value < % LSB 


10 
Value = %LSB 


1 1 
Value> 
% LSB 


Imprecise rounding can be a major source of error in a 
numerical calculation; use of the ST flag improves the 
options available to the programmer. 


The MCS-96 instruction set contains a full set of arith- 
metic and logical operations for the 8-bit data types 
BYTE and SHORT INTEGER and for the 16-bit data 
types WORD and INTEGER. The DOUBLE-WORD 
and LONG data types (32 bits) are supported for the 
products of 16 by 16 multiplies and the dividends of 32 


by 16 divides and for shift operations. The remaining 
operations on 32-bit variables can be implemented by 
combinations of 16-bit operatiom;. As an example the 
sequence: 


ADD 
ADDC 
AXtCX 
BX,DX 


SUB 
AX,CX 
SUBC 
BX,DX 


performs a 32-bit subtraction. Operations on REAL 
(i.e. floating point) variables are not supported directly 
by the hardware but are supported by the floating point 
library for the 8096 (FPAL-96) which implements a 
single precision subset of the proposed IEEE standard 
for floating point operations. The performance of this 
software 
is 
significantly 
improved 
by 
the 
8096 
NORML instruction which nomlalizes a 32-bit vari.- 
able and by the existence of the ST flag in the PSW. 


In addition to the operations on the various data types, 
the 8096 supports 
conversions tetween 
these types. 
LDBZE (load byte zero extended) converts a BYTE to 


a WORD and LDBSE (load byte sign extended) con- 
verts 
a 
SHORT-INTEGER 
into 
an 
INTEGER. 


WORDS can be converted to DOUBLE-WORDS 
by 
simply clearing the upper WORD of the DOUBLE- 
WORD (CLR) and INTEGERS 
can be converted to 
LONGS with the EXT (sign extend) instruction. 


The MCS-96 instructions for addition, subtraction, and 
comparison do not distinguish between unsigned words 
and signed integers. Conditional jumps are provided to 
allow the user to treat the results of these operations as 
either signed or unsigned quantities. As an example, the 
CMPB (compare byte) instruction is used to compare 
both signed and unsigned eight bit quantities. A JH 
Gump if higher) could be used following the compare if 
unsigned operands were involved or a JGT Gump if 
greater-than) if signed operands were involved. 


Table 3 summarizes the operation of each of the in- 
structions. Complete descriptions of each instruction 
and its timings can be found in the Instruction 
Set 
chapter. A summary of instruction opcodes and timing 
is included in the quick reference section at the end of 
this chapter. Examples of using the instruction set of 
the MCS-96 family can be found in Application Note 
AP-248, "Using the 8096", included in this handbook. 
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Mnemonic 
Opere 
Operation 
(Note 
1) 
Flags 
Notes 
ands 
Z 
N 
C 
V 
VT 
ST 


ADD/ADDS 
2 
O-O+A 
". 
". 
". 
". 
t 
- 


ADD/ADDS 
3 
O-S+A 
". 
". 
". 
". 
t 
- 


AOOC/AOOCS 
2 
O-O+A+C 
!- 
". 
". 
". 
t 
- 


SUS/SUSS 
2 
O-O-A 
". 
". 
". 
". 
t 
- 
SUS/SUSS 
3 
O-S-A 
". 
". 
". 
". 
t 
- 
SUSC/SUSCS 
2 
0-0-A+C-1 
!- 
". 
". 
". 
t 
- 
CMP/CMPS 
2 
O-A 
". 
". 
". 
". 
t 
- 
MUL/MULU 
2 
0,0 
+ 2 - 
O'A 
- 
- 
- 
- 
- 
? 
2 


MULIMULU 
3 
0,0 
+ 2 - 
S'A 
- 
- 
- 
- 
- 
? 
2 


MULS/MULUS 
2 
0,0 
+ 1 - 
O'A 
- - 
- 
- 
- 
? 
3 


MULS/MULUS 
3 
0,0 
+ 1 - 
S· A 
- 
- 
- 
- 
- 
? 
3 


OIVU 
2 
0- 
(0,0 
+ 2)/A, 0 + 2 
- 
remainder 
- 
- 
- 
". 
t 
- 
Z 
OIVUS 
2 
0- 
(0,0 
+ l)/A, 0 + 1 
- 
remainder 
- - 
- 
". 
t 
- 
3 


OIV 
2 
o - 
10, 0 + 2)/ A, 0 + 2 
- 
remainder 
- 
- 
- 
? 
t 
- 
OIVS 
2 
0- 
lO,O + 1)/A,0 
+ 1 
- 
remainder 
- 
- 
- 
? 
t 
- 
ANO/ANOS 
2 
0- 
DandA 
". 
". 
b 
0 
- 
- 
ANO/ANOS 
3 
0- 
BandA 
". 
". 
0 
0 
- 
- 
OR/ORS 
2 
0- 
DorA 
". 
". 
0 
0 
- 
- 
XOR/XORS 
2 
o - 
[)(excl. or) A 
". 
". 
0 
0 
- 
- 
LO/LOS 
2 
O-JI 
- 
- 
- 
- 
- 
- 
ST/STS 
2 
A-D 
- 
- 
- 
- 
- 
- 
LOSSE 
2 
0-11;0+1 
- 
SIGN(A) 
- 
- 
- 
- 
- 
- 
3,4 


LOSZE 
2 
0-1\;0+1 
-0 
- 
- 
- 
- 
- 
- 
3,4 


PUSH 
1 
SP - 
SP - 2; (SP) - 
A 
- 
- 
- - 
- 
- 


POP 
1 
A - 
(SP);SP - 
SP + 2 
- 
- 
- 
- 
- 
- 


PUSHF 
0 
SP - 
SP - 2; (SP) - 
PSW; 
0 
0 
0 
0 
0 
0 
PSW +-- OOOOH 
1- 
0 


POPF 
0 
PSW +-- (SP);SP - 
SP + 2; 
1-". 
". 
". 
". 
". 
". 
". 
SJMP 
1 
PC - 
PC + 11-bit offset 
- 
- 
- 
- 
- 
- 
5 
LJMP 
1 
PC - 
PC + 16-bit offset 
- - - 
- - 
- 
5 
SR (indirect) 
1 
PC - 
(A) 
- 
- 
- 
- 
- 
- 
SCALL 
1 
SP - 
SP - 2; (SP) - 
PC; 
- 
- 
- 
- 
- 
- 
5 
PC - 
PC + 11-bit offset 
LCALL 
1 
SP - 
SP - 2; (SP) - 
PC; 
- - 
- 
- 
- 
- 
5 
PC - 
PC + 16-bit offset 
RET 
0 
PC - 
(SP);SP - 
SP + 2 
- - - 
- 
- 
- 
J (conditional) 
1 
PC - 
PC + S-bitoffset (if taken) 
- 
- 
- 
- 
- 
- 
5 
JC 
1 
Jump ifG = 1 
- 
- 
- 
- 
- 
- 
5 
JNC 
1 
Jump if G = 0 
- 
- 
- 
- 
- 
- 
5 
JE 
1 
Jump if 2' = 1 
- 
- 
- 
- 
- 
- 
5 


NOTES: 
1. If the mnemonic ends in "S", a bytll operation is performed, otherwise a word operation is done. Operands 0, S, and A 
must conform to the alignment rules for the required operand type. 0 and S are locations in the register file; A can be 
located anywhere in memory. 
2. 0, 0 + 2 are consecutive WORDS in memory; 0 is OOUSLE-WOROaligned. 
3. 0, 0 + 1 are consecutive SYTES in memory; 0 is WORD aligned. 
4. Changes a byte to a word. 
5. Offset is a 2's complement number. 
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Mnemonic 
Oper- 
Operation 
(Note 
1) 
Flags 
Notes 
ands 
Z 
N 
C 
V 
VT 
ST 


JNE 
1 
JumpifZ = 0 
- 
- 
- 
- 
- 
- 
5 


JGE 
1 
Jump if N = 0 
- 
- 
- 
- 
- 
- 
5 


JLT 
1 
Jump if N = 1 
- 
- 
- 
- 
- 
- 
5 


JGT 
1 
Jump if N = 0 and Z = 0 
- 
- - - 
- 
- 
5 


JLE 
1 
Jump if N = 1 or Z = 1 
- 
- 
- - - - 
5 


JH 
1 
Jump if C = 1 and Z = 0 
- 
- 
- 
- 
- 
- 
5 


JNH 
1 
JumpifC = OorZ = 1 
- 
- 
- - 
- 
- 
5 


JV 
1 
Jump if V = 1 
- 
- 
- - - 
- 
5 


JNV 
1 
Jump if V = 0 
- 
- 
- 
- 
- 
- 
5 


JVT 
1 
Jump if VT = 1; Clear VT 
- 
- 
- 
- 
- 
0 
- 
5 


JNVT 
1 
Jump if VT = 0; Clear VT 
- 
- 
- 
- 
0 
- 
5 


JST 
1 
JumpifST = 1 
- - 
- 
- 
- 
- 
5 


JNST 
1 
JumpifST = 0 
- - 
- 
- - 
- 
5 


JBS 
3 
Jump if Specified Bit = 1 
- 
- 
- 
- 
- 
- 
5,6 


JBC 
3 
Jump if Specified Bit = 0 
- - - 
- 
- 
- 
5,6 


DJNZ 
1 
D - 
D - 
1; if D '* 0 then 
PC - 
PC + a-bit offset 
- 
- 
- - 
- 
- 
5 


DEC/DECB 
1 
D - 
D-1 
~ 
~ 
~ 
~ 
t 
- 
NEGINEGB 
1 
D-O-D 
~ 
~ 
~ 
~ 
t 
- 
INC/INCB 
1 
D - 
D+ 
1 
~ 
~ 
~ 
~ 
t 
- 
EXT 
. 
1 
D - 
D; D + 2 - 
Sign (D) 
~ 
~ 
0 
0 
- 
- 
2 


EXTB 
1 
D - 
D; D + 1 - 
Sign(D) 
~ 
~ 
0 
0 
- - 
3 


NOT/NOTB 
1 
D - 
Logical Not (D) 
~ 
~ 
0 
0 
- 
- 


CLR/CLRB 
1 
D-O 
1 
0 
0 
0 
- - 
SHL/SHLB/SHLL 
2 
C - 
msb-----Isb 
- 
0 
~ 
? 
~ 
~ 
t 
- 
7 


SHRISHRB/SHRL 
2 
0- 
msb-----Isb 
- 
C 
~ 
? 
~ 
0 
- 
~ 
7 


SHRA/SHRAB/SHRAL 
2 
msb - 
msb-----Isb 
- 
C 
~ 
~ 
~ 
0 - 
~ 
7 


SETC 
0 
C-1 
- - 
1 
- - 
- 
CLRC 
0 
C-O 
, 
- 
- 
0 
- 
- 
- 
CLRVT 
0 
VT - 
0 
- 
- 
- 
- 
0 
- 
RST 
0 
PC - 
20aOH 
0 
0 
0 
0 
0 
0 
a 


DI 
0 
Disable All Interrupts (I - 
0) 
- - - 
- 
- 
- 
EI 
0 
Enable All Interrupts (I - 
1) 
- 
- 
- 
- 
- 
- 
NOP 
0 
PC-PC+1 
- 
- 
- 
- 
- 
- 
SKIP 
0 
PC-PC+2 
- - 
- - - 
- 
NORML 
2 
Left shift till msb = 1; D - 
shift count 
~ 
? 
0 
- 
- 
- 
7 
TRAP 
0 
SP - 
SP - 2; (SP) - 
PC 
PC - 
(2010H) 
- - 
- 
- 
- 
- 
9 


NOTES: 
1. If the mnemonic ends in "B", a b~te operation is performed, otherwise a word operation is done. Operands D, B and A 
must conform to the alignment rules for the required operand type. D and B are locations in the register file; A can be 
located anywhere in memory. 
5. Offset is a 2's complement number. 
6. Specified bit is one of the 204a bitl>in the register file. 
7. The "L" (Long) suffix indicates dOLble-wordoperation. 
a. Initiates a Reset by pulling RESET low. Software should re-initialize all the necessary registers with code starting at 
20aOH. 
9. The assembler will not accept this mnemonic. 
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3.5 Software 
Standards 
and 
Conventions 


For a software project of any size it is a good idea to 
modularize 
the program 
and to establish standards 
which control the communication between these mod- 
ules. The nature of these standards will vary with the 
needs of the final application. A common component of 
all of these standards, however, must be the mechanism 
for passing parameters to procedures and returning re- 
sults from procedures. In the absence of some overrid- 
ing consideration which prevents their use, it is suggest- 
ed that the user conform to the conventions adopted by 
the PLM-96 programming language for procedure link- 
age. It is a very usable standard for both the assembly 
language and PLM-96 environment and it offers com- 
patibility between these environments. Another advan- 
tage is that it allows the user access to the same floating 
point arithmetics library that PLM-96 uses to operate 
on REAL variables. 


The MCS-96 architecture provides a 256 byte register 
file. Some of these registers are used to control register- 
mapped I/O 
devices and for other special functions 
such as the ZERO register and the stack pointer. The 
remaining bytes in the register file, some 230 of them, 
are available for allocation by the programmer. If these 
registers are to be used effectively, some overall strategy 
for their allocation must be adopted. PLM-96 adopts 
the simple and effective strategy of allocating the eight 
bytes between addresses lCH and 23H as temporary 
storage. The starting address of tltis region is called 
PLMREG. 
The remaining area in the register file is 
treated as a segment of memory which is allocated as 
required. 


These operands are formed from two adjacent 16-bit 
words in memory. The least significant word of the 
double word is always in lower address, even when the 
data is in the stack (which means that the most sig- 
nificant word must be pushed into the stack first).· A 
double word is addressed by the address of its least 
significant byte. Note that the hardware supports some 
operations on double words (e.g. nOimalize and divide). 
For these operations the double word must be in the 
internal register file and must have an address which is 
evenly divisible by four. 


Parameters are passed to subroutim:s in the stack. Pa- 
rameters are pushed into the stack in the order that 
they are encountered in the scanning of the source text. 
Eight-bit 
parameters 
(BYTES 
or 
SHORT-INTE- 
GERS) are pushed into the stack with the high order 


byte undefined. Thirty-two 
bit parameters 
(LONG- 
INTEGERS, 
DOUBLE-WORDS, 
and REALS) 
are 
pushed into the stack as two 16-bit values; the most 
significant half of the parameter is pushed into the 
stack first. 


As an example, consider the following PLM-96 proce- 
dure: 


example_procedure: 
PROCEDURE 
(param l,param2,param3); 
DECLARE 
paraml BYTE, 
param2 DWORD, 
param3 WORD; 


When this procedure is entered at run time the stack 
will contain the parameters in the following order: 


?????? : param1 


high word of param2 


low word of param2 


param3 


return address 
+- StacLpointer 


Figure 18. Stack Image 


If a procedure returns a value to the calling code (as 
opposed to modifying more global variables) then the 
result is returned in the variable PLMREG. PLMREG 
is viewed as either an 8-, 16- or 32-bit variable depend- 
ing on the type of the procedure. 


The standard calling convention adopted by PLM-96 
has several key features: 
a) Procedures can always assume that the eight bytes of 
register file memory starting at PLMREG 
can be 
used as temporaries within the body of the proce- 
dure. 
b) Code which calls a procedure must assume that the 
eight bytes of register 
file memory 
starting 
at 
PLMREG are modified by the procedure. 
c) The Program Status Word (PSW-see 
Section 3.3) is 


not saved and restored by procedures so the calling 
code must assume that the condition flags (Z, N, V, 
VT, C, and ST) are modified by the procedure. 
d) Function 
results from procedures 
are always re- 
turned in the variable PLMREG. 


PLM-96 allows the definition of INTERRUPT 
proce- 
dures which are executed when a predefined interrupt 
occurs. These procedures do not conform to the rules of 
a normal procedure. Parameters cannot be passed to 
these procedures and they cannot return results. Since 
they can execute essentially at any time (hence the term 
interrupt), 
these procedures must save the PSW and 
PLMREG when they are entered and restore these val- 
ues before they exit. 
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There are 21 sources of interrupl:s on the 8096BH. 
These sources are gathered into 8 interrupt types as 
indicated in Figure 19. The I/O control registers which 
control some of the sources are indicated in the figure. 
Each of the eight types of interrupls has its own inter- 
rupt vector as listed in Figure 20. In addition to the 8 
standard interrupts, there is a TRAP instruction which 
acts as a software generated interrupt. This instruction 
is not currently supported by the MCS-96 Assembler 
and is reserved for use in Intel development systems. 


The programmer must initialize the interrupt vector ta- 
ble with the starting address of the appropriate inter- 
rupt service routine. It is suggested that any unused 
interrupts be vectored to an error handling routine. The 
error routine should contain recovery code that will not 
further corrupt an already erroneous situation. In a de- 
bug environment, it may be desirable to have the rou- 
tine lock into a jump to self loop wbch would be easily 
traceable with emulation tools. More sophisticated rou- 
tines may be appropriate for production code recover- 
ies. 


Three registers control the operation of the interrupt 
system: Interrupt 
Pending, Intern,pt 
Mask, and the 


PSW which contains a global disable bit. A block dia- 
gram of the system is shown in Figure 21. The tran- 
sition detector looks for 0 to I transitions on any of the 
sources. External sources have a maximum transition 
speed of one edge every state time. If this is exceeded 
the interrupt may not be detected. 


Vector Location 
Vector 
(High 
(Low 
Priority 


Byte) 
Byte) 


Software 
2011 H 
2010H 
Not Applicable 
Extint 
200FH 
200EH 
7 (Highest) 


Serial Port 
200DH 
200CH 
6 
Software 
200BH 
200AH 
5 
Timers 
HSI.O 
2009H 
2008H 
4 
High Speed 
2007H 
2006H 
3 
Outputs 
HSI Data 
2005H 
2004H 
2 
Available 
AID 
Conversion 
2003H 
2002H 
1 


Complete 
Timer Overtlow 
2001H 
2000H 
o (Lowest) 


,..--- 
1OC1.1 
EXTINT 
~"'-------ExnNT 
ACH.7--0 


n 
FLAG ---.J---------- SEAIAL 
POAT 


AI FLAG 
~ 
HSO_COMMAND.4 


SOFTW~,AE 
nMEA 
0§~ 
SOFTW~,AE 
nMEA 
1 
SOFTW',RE lWEA 2 


SOFTW~,AE 
nMEA 
3 


AESETnMEA 
r 


STAAT 
AID CC)NVEASION" 
HSI.O----------H51.0 


~---IOC1.7 
FIFOISFULL~ 


HOLDING 
AEGIST\;A 
LOADED 
~ 
HSI DATA AVAILABLE 


r---1OC1.2 


nMEAl 
JVEAFLOW 
~ 
•.••••• 
.,.------nMEA 
OVEAFLOW 


TIMER2I)VEAFLOW 
---0 
"'to~---- 
L_IOC1.3 


NOTE: 
'Only 
when 
initiated 
by the HSO unit. 


SOFTWARE 


TIMERS 
HSI.O 


5 


TIMER 
OVERFLOW 
o 
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When the hardware detects one of the eight interrupts 
it sets the corresponding bit in th,~ pending interrupt 
register (INT_PENDING-<>9H). 
When the interrupt 


vector is taken, the pending bit is cleared. This register. 
the format of which is shown in Figure 22. can be read 
or modified as a byte register. It can be read to deter- 
mine which of the interrupts are pending at any given 
time or modified to either clear pending interrupts or 
generate interrupts under software control. Any soft- 
ware which modifies the INT~'ENDING 
register 


should ensure that the entire operation is indivisible. 
The easiest way to do this is to use the logical instruc- 
tions in the two or three operand format. for example: 


ANDB 
INT_PENDING.#llllllOlB 


; Clears the AID 
Interrupt 
ORB 
INT_PENDING.#OOOOOOlOB 
; Sets the AID 
Interrupt 


Caution must be used when writing to the pending reg- 
ister to clear interrupts. 
If the interrupt 
has already 


been acknowledged when the bit il; cleared. a 4 state 
time "partial" 
interrupt cycle will occur. This is be- 


cause the 8096BH will have to fetch the next instruc- 
tion of the normal instruction flow. instead of proceed- 
ing with the interrupt processing as It was going to. The 
effect on the program will be essenti.llly that of an extra 
NOP. This can be prevented by clea:ringthe bits using a 
2 operand immediate logical, as tht: 8096BH holds off 
acknowledging interrupts during th.ese "read/modify/ 
write" instructions. 


(LOCATION 
09H) 


~ 
III 
I 
I ~ :,~~~E", 
HSO EVENT 
HSI BIT 0 
SO'lWARE 
TIt.4ERS 


'---------- 
SEIIIAL I/O 
'----------- 
EX··ERNAL INTERRUPT 
270250-19 


Individual interrupts can be enabled or disabled by set- 
ting or clearing bits in the interrupt 
mask register 


(INT_MASK-08H). 
The format of this register is the 


same as that of the Interrupt Pending Register shown 
in Figure 22. 


The INT ~ASK 
register can be read or written as 


byte register. A one in any bit position will enable the 
corresponding interrupt source and a zero will disable 
the source. The hardware will save any interrupts that 
occur by setting bits in the pending register. even if the 
interrupt mask bit is cleared. The INT~SK 
regis- 


ter also can be accessed as the lower eight bits of the 
PSW so the PUSHF and POPF instructions save and 
restore the INT _MASK 
register as well as the global 


interrupt lockout and the arithmetic flags. 


The processing of all interrupts 
can be disabled by 


clearing the I bit in the PSW. Setting the I bit will 
enable interrupts that have mask register bits which are 
set. The I bit is controlled by the EI (Enable Interrupts) 
and DI (Disable Interrupts) instructions. Note that the 
I bit only controls the actual servicing of interrupts. 
Interrupts that occur during periods of lockout will be 
held in the pending register and serviced on a priori- 
tized basis when the lockout period ends. 


The priority encoder looks at all of the interrupts which 
are both pending and enabled, and selects the one with 
the highest priority. The priorities are shown in Figure 
20 (7 is highest. 0 is lowest). The interrupt generator 
then forces a call to the location in the indicated vector 
location. This location would be the starting location of 
the Interrupt Service Routine (ISR). 


This priority selection controls the order in which 
pending interrupts are passed to the software via inter- 
rupt calls. The software can then implement its own 
priority 
structure 
by controlling 
the mask register 


(INT_MASK). 
To see how this is done. consider the 


case of a serial I/O service routine which must run at a 
priority level which is lower than the HSI data avail- 
able interrupt but higher than any other source. The 
"preamble" and exit code for this interrupt service rou- 
tine would look like this: 


serial_io_isr: 
PUSHF 


LDB 
EI 


Save the PSW 
(Includes 
INT_MASK) 


INT_MASK.#OOOOOlOOB 
; Enable 
interrupts 
again 


; 
POPF 
RET 


Note that location 200cH in the interrupt vector table 
would have to be loaded with the value of the label 
seriaLio-isr 
and the interrupt 
be enabled for this 
routine to execute. 


There is an interesting chain of ::nstruction side-effects 
which makes this (or any other) 8096 interrupt service 
routine execute properly: 
a) After the hardware decides to process an interrupt, it 


generates and executes a special interrupt-call 
in- 


struction, which pushes the current program counter 
onto the stack and then loads the program counter 
with the contents of the vector table entry corre- 
sponding to the interrupt. The hardware will not al- 
low another interrupt to be serviced immediately fol- 
lowing the interrupt-call. This guarantees that once 
the interrupt-call starts, the first instruction of the 
interrupt service routine will el\ecute. 


b) The PUSHF instruction, which is now guaranteed to 


execute, saves the PSW in the stack and then clears 
the PSW. The PSW contaiml, in addition to the 
arithmetic flags, the INT-.-MASK 
register and the 


global disable flag (I). The hardware will not allow 
an interrupt following a PUSHF instruction and, by 
the time the LD instruction slarts, all of the inter- 
rupt enable flags will be cleared. Now there is guar- 
anteed execution of the LD INT_MASK 
instruc- 


tion. 


c) The LD INT_MASK 
instruction enables those in- 


terrupts that the programmer chooses to allow to 
interrupt the serial I/O interrupt service routine. In 
this example only the HSI data available interrupt 
will be allowed to do this but any interrupt or combi- 
nation of interrupts could be enabled at this point, 
even the serial interrupt. 
It i!; the loading of the 
INT _MASK 
register which allows the software to 


establish its own priorities for interrupt servicing in- 
dependently from those that the hardware enforces. 
d) The EI instruction reenables th,: processing of inter- 


rupts. 


e) The actual interrupt service routine executes within 


the priority structure established by the software. 
/) At the end of the service routine the POPF instruc- 


tion restores the PSW to its stat(; when the interrupt- 
call occurred. The hardware will not allow interrupts 
to be processed following a POPF instruction so the 
execution of the last instruction (RET) is guaranteed 
before further interrupts can oc(;ur. The reason that 
this RET instruction must be protected in this fash- 
ion is that it is quite likely that the POPF instruction 
will reenable an interrupt which is already pending. 
If this interrupt were serviced before the RET in- 
struction, then the return addwls to the code that 
was executing when the original interrupt occurred 
would be left on the stack. Whil,: this does not pres- 
ent a problem to the program flow, it could result in 
a stack overflow if interrupts are occurring at a high 
frequency. The 
POPF 
instruction 
also pops the 


INT-.-MASK 
register (part of the PSW), so any 


changes made to this register during a routine which 
ends with a POPF will be lost. 


Notice that the "preamble" and exit code for the inter- 
rupt service routine does not include any code for sav- 
ing or restoring registers. This is because it has been 
assumed that the interrupt service routine has been al- 
located its own private set of registers from the on- 
board register me. The availability of some 230 bytes of 
register storage makes this quite practical. 


Interrupt service routines must share some data with 
other routines. Whenever the programmer 
is coding 


those sections of code which access these shared pieces 
of data, great care must be taken to ensure that the 
integrity of the data is maintained. Consider clearing a 
bit in the interrupt pending register as part of a non-in- 
terrupt routine: 


LDB 
ANDB 
STB 


AL.INT_PENDING 
AL.#biLmask 
AL.INT_PENDING 


This code works if no other routines are operating con- 
currently, but will cause occasional but serious prob- 
lems if used in a concurrent environment. (All pro- 
grams which make use of interrupts must be considered 
to be part of a concurrent environment.) To demon- 
strate this problem, assume that the INT_PENDING 
register containsסס oo11 liB and bit 3 (HSO event in- 
terrupt pending) is to be reset. The code does work for 
this data pattern but what happens if an HSI interrupt 
occurs somewhere between the LDB and the STB in- 
structions? Before the LDB instruction INT_PEND- 
ING containsסס oo1 11IB and after the LDB instruc- 
tion so does AL. If the HSI interrupt service routine 
executes at this point then 
INT-YENDING 
will 


change toסס oo101 lB. The ANDB 
changes AL to 


OOOOOIIIBand the STB changes INT_PENDING 
to 


OOOOOIIIB.It should be OOOOOOIIB.This code se- 
quence has manged to generate a false HSI interrupt 
The same basic process can generate an amazing assort- 
ment of problems and headaches. These problems can 
be avoided by assuring mutual exclusion which basical- 
ly means that if more than one routine can change a 
variable, then the programmer must ensure exclusive 
access to the variable during the entire operation on the 
variable. 


In many cases the instruction set of the 8096 allows the 
variable to be modified with a single instruction. The 
code in the above example can be implemented with a 
single instruction. 
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Instructions are indivisible so mutual exclusion is en- 
sured in this case. Changes to the INT_PENDING 
register must be made as a single instruction, since bits 
can be changed in this register (:ven if interrupts are 
disabled. Depending on system configurations, several 
other SFRs might also need to b<~changed in a single 
instruction for the same reason. 


When variables must be modified without interruption, 
and a single instruction can not be used, the program- 
mer must create what is termed. a critical region in 
which it is safe to modify the variable. One way to do 
this is to simply disable interrupts with a DI instruc~ 
tion, perform the modification, and then re-enable in- 
terrupts with an EI instruction. The problem with this 
approach is that it leaves the interrupts enabled even if 
they were not enabled at the stan:. A better solution is 
to enter the critical region with a PUSHF instruction 
which saves the PSW and also clears the interrupt en- 
able flags. The region can then be terminated with a 
POPF instruction which returns the interrupt enable to 
the state it was in before the code :;equence. It should be 
noted that some system configurations might require 
more protection to form a critical region. An example 
is a system in which more than one processor has ac- 
cess to a common resource such as memory or external 
I/O devices. 


Interrupts are not always acknowledged immediately. 
If the interrupt signal does not occur prior to 4 state- 
times before the end of an instruction, the interrupt will 
not be acknowledged until after the next instruction has 
been executed. This is because an instruction is fetched 
and prepared for execution a few ,tate times before it is 
actually executed. 


There are 6 instructions which always inhibit interrupts 
from being acknowledged until after the next instruc- 
tion has been executed. These instructions are: 
EI, DI 
- 
Enable and Disable Interrupts 


POPF, PUSHF- 
Pop and Push Flags 


SIGND 
- 
Prefix to perform signed multiply 
and divide (Note that this is not an 
ASM-96 Mnemonic, but is used for 
signed multiply and divide) 


TRAP 
- 
Software interrupt 


When an interrupt 
is acknowledged, 
the interrupt 


pending bit is cleared, and a call is forced to the loca- 
tion indicated by the specified interrupt vector. This 
call occurs after the completion of the instruction in 
process, except as noted above. The procedure of get- 
ting the vector and forcing the call requires 21 state 
times. If the stack is in external RAM an additional 3 
state times are required. 


The maximum number of state times required from the 
time an interrupt is generated (not acknowledged) until 
the 8096 begins executing code at the desired location is 
the time of the longest instruction, NORML (Normal- 
ize - 
42 state times), plus the 4 state times prior to the 


end of the previous instruction, plus the response time 
(21 to 24 state times). Therefore, the maximum re- 
sponse time is 70 (42 + 4 + 24) state times. This does 
not include the 12 state times required for PUSHF if it 
is used as the first instruction in the interrupt routine or 
additional 
latency 
caused by having 
the 
interrupt 


masked or disabled. Refer to Figure 22A, Interrupt Re- 
sponse Time, to visualize an example of worst case sce- 
nario. 


---_t .....-21 ~-3--'4--12----' 


( 
If 
STACK 
'PUSHF" 
~ 


) 
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PENDING 
BIT ..J SET 
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Interrupt latency time can be red·uced by careful selec- 
tion of instructions in areas of code where interrupts 
are expected. Using 'EI' followlxl immediately by a 
long instruction 
(e.g. MUL, NORML, 
etc.) will in- 


crease the maximum latency by 4 state times, as an 
interrupt cannot occur between EI and the instruction 
following EI. The "DI", 
"PUSHF", 
"POPF" 
and 


"TRAP" 
instructions will also cause the same situa- 


tion. Typically the PUSHF, POPF and TRAP instruc- 
tions would only effect latency when one interrupt 
routine is already in process, as these instructions are 
seldom used at other times. 


Two 16-bit timers are available for use on the 8096. The 
first is designated "Timer I", the second, "Timer 2". 
Timer I is used to synchronize events to real time, 
while Timer 2 can be clocked externally and synchro- 
nizes events to external occurrences. 


Timer I is clocked once every eight state times and can 
be cleared only by executing a reBel. The only other 
way to change its value is by writing to OOOCHbut this 
is a test mode which sets both timers to OFFFXH and 
should not be used in programs. 


Timer 2 can be incremented by transitions (one count 
each transition, rising and falling) 0[1 either T2CLK or 
HSI.l. The multiple functionality of the timer is deter- 
mined by the state of I/O Contro.1 Register 0, bit 7 
(IOCO.7). To ensure that all CAM entries are checked 
each count of Timer 2, the maximum. transition speed is 
limited to once per eight state times. Timer 2 can be 
cleared by: executing a reset, by setting lOCO.I, by trig- 
gering HSO channel OEH, or by pulling T2RST or 
HSI.O high. The HSO and CAM are described in Sec- 
tion 7 and 8. IOCO.3 and ICOO.5 centrol the resetting 
of Timer 2. Figure 23 shows the different ways of ma- 
nipulating Timer 2. 


HSOH14 


lOCO. 1 


Both Timer I and Timer 2 can be used to trigger a 
timer overflow interrupt and set a flag in the I/O Status 
Register I (IOSl). 
The interrupts 
are controlled by 


IOCl.2 and IOCl.3 respectively. The flags are set in 
IOS1.5 and IOSl.4, respectively. 


Caution must be used when examining the flags, as any 
access (including Compare and Jump on Bit) of 10SI 
clears bits 0 through 5 including the software timer 
flags. It is, therefore, recommended to write the byte to 
a temporary register before testing bits. The general en- 
abling and disabling of the timer interrupts are con- 
trolled by the Interrupt Mask Register bit O.In all cas- 
es, setting a bit enables a function, while clearing a bit 
disables it. 


The High Speed I/O unit is coupled to the timers in 
that the HSI records the value on Timer I when tran- 
sitions occur and the HSO causes transitions to occur 
based on values of either Timer 1 or Timer 2. The baud 


Timer I. There are 4 lines (HSI.O through HSI.3) 
which can be used in this mode and up to a total of 8 
events can be recorded. HSI.2 and HSI.3 are bidirec- 
tional pins which can also be used as HSOA and 
HSO.5. The I/O Control Registers (lOCO and lOCI) 
are used to determine the functions of these pins. A 
block diagram of the HSI unit is shown in Figure 24. 


rate generator can use the T2CLK pin as input to its 
counter. a complete listing of the functions of 10SI, 
lOCO,and lOCI are in Section II. 


The High Speed Input Unit (HSI), can be used to rec- 
ord the time at which an event occurs with respect to 


FIFO 
INTERRUPT 


& 
11,T61iR I 
CONTROL LOGIC 


There are 4 possible modes of opt,ration for each of the 
HSI pins. The HSI mode register is used to control 
which pins will look for what type of events. The 8-bit 
register is set up as shown in Fig-He25. 


High and low levels each need to be held for at least I 
state time to ensure proper operation. The maximum 
input speed is 1 event every 8 state times except when 
the 8 transition mode is used, in which case it is 1 
transition per state time. The dhide by eight counter 
can only be zeroed in mid-count by performing a hard- 
ware reset on the 8096BH. The 8X9X counter cannot 
be zeroed. 


-HSI.O 
MODE 


-HSI.1 
MODE 


-HSI.2 
MODE 


-HSI.3 
MODE 


WHERE 
EACH 
2 - 
BIT MODE CO~ITROL 
FIELD 
DEFINES 
ONE 
OF 4 POSSIBLE 
1IODES: 


00 
8 
POSITIVE 
TRANSITIONS 
01 
EACH 
POSITIVE 
TRANSITION 
10 
EACH 
NEGATIVE 
TRA~ISITION 
11 
EVERY TRANSITION 
(POSITIVE 
AND 
NEGATIVE) 


The HSI lines can be individually enabled and disabled 
using bits in lOCO,at location OOI5H.Figure 26 shows 
the bit locations which control the HSI pins. If the pin 
is disabled, transitions will not be entered in the FIFO. 


T2RST ---<> •- - IOCO.5 
I 


~~--T2RESET 


• - - IOCO.3 


. 
·--IOCO.O 


HSI.O 
~_-----._- 
HSI 


• - - IOCO.2 
roO"-0------.-- 
HSI 


HSI.1 
~------'-- 
T1MER2 


T2CLK ---<> ~- - lOCO.? 
CLOCK 


• - - IOCO.4 


HSI.2 ---<>"-0-------- 
HSI 


• - - IOCO.6 


HSI.3 ---<>"-0--------- 
HSJ 
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When an HSI event occurs, a 7X20 FIFO stores the 16 
bits of Timer I and the 4 bits indicating which pins had 
events. It can take-up to 8 state times for this informa- 
tion to reach the holding register. For this reason, 8 
state times must be allowed between consecutive reads 
of HSI_TIME. 
When the FIFO is full, one additional 


event, for a total of 8 events, can be stored by consider- 
ing the holding register part of the FIFO. If the FIFO 
and holding register are full, any additional events will 
not be recorded. 


Interrupts can be generated by the HSI unit in three 
ways; two FIFO related interrupts and 0 to I tran- 
sitions on the HSI.O pin. The HSI.O pin can generate 
interrupts even if it is not enabled to the HSI FIFO. 
Interrupts generated by this pin cause a vector through 
location 2008H. The FIFO related interrupts are con- 
trolled by bit 7 of 110 Control Register I, (IOCL7). If 
the bit is a 0, then an interrupt will be generated every 
time a value is loaded into the holding register. If it is a 
I, an interrupt will only be generated when the FIFO, 
(independent of the holding register), has six entries in 
it. Since all interrupts are rising edge triggered, if 
IOCL7 = I, the processor will not be re-interrupted 
until the FIFO first contains 5 or less records, then 
contains six or more. 


Bits 6 and 7 of the 110 Status register I (IOSI) indicate 
the status of the HSI FIFO. If bit 6 is a I, the FIFO 
contains at least six entries. If bit 7 is aI, 
the FIFO 
contains at least I entry and the HSI holding register 
has data available to be read. The FIFO may be read 
after verifyingthat it contains valid data. Caution must 
be used when reading or testing bits in 10SI, as this 
action clears bits 0-5, including the software and hard- 
ware timer overflow flags. It is best to store the byte 
and then test the stored value. See Section IL 


Reading the HSI is done in two steps. First, the HSI 
Status register is read to obtain the current state of the 
HSI pins and which pins had changed at the recorded 
time. The format of the HSI_ST ATUS Register is 
shown in Figure 27. Second, the HSI Time register is 
read. Reading the Time register unloads one levelof the 
FIFO, so if the Time register is read before the Status 
register, the event information in the Status register will 
be lost. The HSI Status register is at location 06H and 
the HSI Time registers are in locations 04H and 05H. 


If the HSI_TIME 
register is read without the holding 
register being loaded, the returned value willbe indeter- 
minate. Under the same conditions, the four bits in 


HSI_STATUS 
indicating which events have occurred 
will also be indeterminate. The fcur HSI_ST ATUS 
bits which indicate the current st~.te of the pins will 
always return the correct value. 


It should be noted that many of the Status register con- 
ditions are changed by a reset, see Section 13. A com- 
plete listing of the functions of 10SO, 10SI, and lOCI 
can be found in Section II. 


The High Speed Output unit, (HSO), is used to trigger 
events at specific times with minimal CPU overhead. 
These events include: starting an A to D conversion, 
resetting Timer 2, setting 4 software flags, and switch- 
ing 6 output lines (HSO.Othrough lISO.5). Up to eight 
events can be pending at one time and interrupts can be 
generated whenever any of these e{ents are triggered. 
HSO.4 arid HSO.5 are bidirectional pins which can also 
be used as HSI.2 and HSI.3 respectively. Bits 4 and 6 of 
I/O 
Control 
Register 
I, (IOCI.L., IOCI.6), 
enable 
HSO.4 and HSO.5 as outputs. 


The HSO unit can generate two types of interrupts. The 
HSO execution interrupt (vector = (2006H» is gener- 
ated (if enabled) for HSO command:; which operate one 
or more of the six output pins. The other HSO inter- 
rupt 
is 
the 
software 
timer 
interrupt 
(vector 
= 
(200BH» which is generated (if enabled) by any other 
HSO command, 
(e.g. triggering the AID, 
resetting 
Timer 2 or generating a software time delay). 


lir;lRT BUFFERS 


peRT PINS 


A block diagram of the HSO unit is shown in Figure 
28. The Content Addressable Memory (CAM) file is 
the center of control. One CAM register is compared 
with the timer values every state time, taking 8 state 
times to compare all CAM registers with the timers. 
This defines the time resolution of the HSO to be 8 
state times (2.0 microseconds at an oscillator frequency 
of 12 MHz). 


HSI Status Register 
(HSI_Status) 


LOCATION 
06H 


HSI.O STATUS 


HSI.1 STATUS 


HSI.2 STATUS 


HSI.3 STATUS 
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Where for each 2-bitstatus fieldthe lowerbit indicates 
whether or not an event has occurred on this pin at the 
time in HSI_TIME 
and the upper bit indicates the cur- 
rent status of the pin. 


Each CAM register is 23 bits wide. Sixteen bits specify 
the time at which the action is to be carried out and 7 
bits specify both the nature of the action and whether 
Timer I or Timer 2 is the reference. The format of the 


T2CLK 


T2RST 
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TIMERS 
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CONVERSION 
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RESET 
TIMER 
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Figure 28. High Speed Output Unit 
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inter 


command to the HSO unit is shown in Figure 29. Note 
that bit 5 is ignored for command channels 8 through 
OFH. 


To enter a command into the CAM file, write the 7-bit 
"Command Tag" into location 0OO6Hfollowed by the 
time at which the action is to be carried out into word 
address 0004H. The typical code' would be: 


LDB HSO_COMMAND,#what_to_do 
ADD HSO_TIME,TIMER1,#when_to_do_it 


Writing the time value loads the HSO Holding Register 
with both the time and the last written command tag. 
The command does not actually enter the CAM file 
until an empty CAM register becomes available. 


Commands in the holding register will not execute even 
if their time tag is reached. Commands must be in the 
CAM for this to occur. Commands in the holding regis- 
ter can also be overwritten. Since it can take up to 8 
state times for a command to mDve from the holding 
register to the CAM, 8 states mu:;t be allowed between 
successive writes to the CAM. 


To provide proper synchronization, the minimum time 
that should be loaded to Timer 1 is Timer I + 2. 
Smaller values may cause the T:.mer match to occur 
65,636 counts later than expected. A similar restriction 
applies if Timer 2 is used. 


Care must be taken when writing the command tag for 
the HSO. If an interrupt Dccurs during the time be- 
tween writing the command tag and loading the time 
value, and the interrupt service routine writes to the 
HSO time register, the command tag used in the inter- 
rupt routine will be written to the CAM at both the 
time specified by the interrupt 
routine and the time 


specified by the main program. The command tag from 
the main program will not be e~ecuted. One way of 
avoiding this problem would be to disable interrupts 
when writing commands and times to the HSO unit. 
See also Section 4.5. 


CHANNEL: 
0-5 
HSO.O- HSO.5 


BIT: 
0 
] 6 
HSO.O AND HSO.l 


7 
HSO.2 AND HSO.3 


8-B 
SOfTWARE TIMERS 


2 
E 
RESETTIMER.: 


3 
f 
STARTA / D CONVERSION 


4 
INTERRUPT/ N~ INTERRUPT 


5 
SET/CLEAR 


6 
TIMER 2 /TIME~ 


7 
X 


Before writing to the HSO, it is desirable to ensure that 
the Holding Register is empty. If it is not, writing to the 
HSO will overwrite the value in the Holding Register. 
I/O Status Register 0 (IOSO) bits 6 and 7 indicate the 
status of the HSO unit. This register is described in 
Section 11. If IS0O.6 equals 0, the holding register is 
empty and at least one CAM register is empty. If 
IOSO.7 equals 0, the holding register is empty. 


The programmer should carefully decide which of these 
two flags is the best to use for each application. 


All 8 CAM locations of the HSO are compared before 
any action is taken. This allows a pending external 
event to be cancelled by simply writing the opposite 
event to the CAM. However, once an entry is placed in 
the CAM, it cannot be removed until either the speci- 
fied timer matches the written value or the chip is reset. 
If, as an example, a command has been issued to set 
HSO.l when TIMER 1 = 1234, then entering a second 
command which clears HSO.l when TIMER 1 = 1234 
will result in no operation on HSO.1. Both commands 
will remain in the CAM until TIMER 1 = 1234. 


Internal events are not synchronized to Timer 1, and 
therefore cannot be cleared. This includes events on 
HSO channels 8 through F and all interrupts. 
Since 
interrupts are not synchronized it is possible to have 
multiple interrupts at the same time value. 


Timer 1 is incremented only once every 8 state-times. 
When it is being used as the reference timer for an HSO 
action, the comparator has a chance to look at all 8 
CAM registers before Timer 1 changes its value. Fol- 
lowing the same reasoning, Timer 2 has been synchro- 
nized to allow it to change at a maximum rate of once 
per 8 state-times. Timer 2 increments on both edges of 
the input signal. 


When using Timer 2 as the HSO reference, caution 
must be taken that Timer 2 is not reset prior to the 
highest value for a Timer 2 match in the CAM. This is 
because the HSO CAM will hold an event pending until 
a time match occurs, if that match is to a time value on 
Timer 2 which is never reached, the event will remain 
pending in the CAM until the part is reset. 


Additional caution must be used when Timer 2 is being 
reset using the HSO unit, since resetting Timer 2 using 
the HSO is an internal event and can therefore happen 
at any time within the eight-state-time window. This 
situation arises when the event is set to occur when 


Timer 2 is equal to zero. If HSI.O or the T2RST pin is 
used to clear Timer 2, and Timer :/.equal to zero trig- 
gers the event, then the event may not occur. This is 
because HSI.O and T2RST clear Timer 2 asynchro- 
nously, and Timer 2 may then be incremented to one 
before the HSO CAM entry can be read and acted 
upon. This can be avoided by setting the event to occur 
when Timer 2 is equal to one. This method will ensure 
that there is enough time for the CAM entry recogni- 
tion. 


The same asynchronous nature can affect events sched- 
uled to occur at the same time as an internal Timer 2 
reset. These events should be logged into the CAM 
with a Timer 2 value of zero. When using this method 
to make a programmable modulo counter, the count 
will stay at the maximum Timer 2 value only until the 
Reset T2 command is recognized. The count will stay 
at zero for the transition which would have changed the 
count from "N" to zero, and then changed to a one on 
the next transition. 


The HSO can be programmed to generate interrupts at 
preset times. Up to four such "Softv.are Timers" can be 
in operation at a time. As each preprogrammed time is 
reached, the HSO unit sets a Software Timer Flag. If 
the interrupt bit in the command tag was set then a 
Software Timer Interrupt will also be generated. The 
interrupt service routine can then examine I/O Status 
register 1 (IOSI) to determine which software timer 
expired and caused the interrupt. When the HSO resets 
Timer 2 or starts an A to D conversion, it can also be 
programmed to generate a software timer interrupt but 
there is nO flag to indicate that this has occurred. 


If more than one software timer interrupt occurs in the 
same time frame it is possible that multiple software 
timer interrupts will be generated. 


Each read or test of any bit in 10m 
will clear bits 0 


through 5. Be certain to save the b}te before testing it 
unless you are only concerned with I bit. See also Sec- 
tion 11.5. 


A complete listing of the functions ofIOSO, 10SI, and 
lOCI can be found in Section 11. The Timers are de- 
scribed in Section 5 and the HSI is described in Section 6. 


The 8096H can easily interface to analog signals using 
its Analog to Digital Converter and its Pulse-Width- 
Modulated (pWM) output and HSO Unit. Analog in- 
puts are accepted by the 8-input, lO-bit A to D convert- 
er. The PWM and HSO units provide digital signals 
which can be filtered for use as analog outputs. 


A to D conversion is performed on one of the 8 inputs 
at a time using successive approximation with a result 
equal to the ratio of the input voltage divided by the 
analog supply voltage. If the ratio is 1.00, then the re- 
sult will be all ones. The AID converter is available on 
selected members of the MCS-96 family. See Section 14 
for the device selection matrix. 


Each conversion on the 8096BH requires 88 state-times 
(22 p..sat 12 MHz) independent of the accuracy desired 
or value of input voltage. The input voltage must be in 
the range of 0 to VREF, the analog reference and sup- 
ply voltage. For proper operation, VREF (the reference 
voltage and analog pOWersupply) must be held nomi- 
nally at 5V. The A/D result is calculated from the for- 
mula: 


It can be seen from this formula that changes in VREF 
or ANGND effect the output of the converter. This can 
be advantageous if a ratiometric sensor is used since 
these sensors have an output that can be measured as a 
proportion of VREF. 


ANGND must be tied to VSS (digital ground) in order 
for the 8096BH to operate properly. This common con- 
nection should be made as close to the chip as possible, 
and using good bulk and high frequency by-pass capaci- 
tors to decouple power supply variations and noise 
from the circuit. Analog design rules call for one and 
only one common connection between analog and digi- 
tal returns to eliminate unwanted ground variations. 


j~J4 
state times which ~e'Tn~d~ 
~ -the 88 


state-time conversion period. The exact timings of the 
AID converter can be found in Section 3 of the Hard- 
ware Design chapter. 


The 8X9X devices do not have a sample and hold. so the 
input voltage must be held constant through the entire 
conversion. The conversion time is 168 state times (42 JLS 
at 12 MHz) on the 8X9X devices. 


Analog signals can be sampled by anyone 
of the 8 


analog input pins (ACHO through ACH7) which are 
shared with Port O.ACH7 can also be used as an exter- 
nal interrupt if IOCI.l 
is set (see Sections 4 and II). 
The AID Command Register. at location 02H. selects 
which channel is to be converteel and whether the con· 
version should start immediately or when the HSO 
(Channel #OFH) triggers it. The AID command regis- 
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matted as shown in Figure 30. 


The command register is double buffered so it is possi- 
ble to write a command to start a conversion triggered 
by the HSO while one is still in progress. Care must be 
taken when this is done since if a new conversion is 
started while one is already in progress, the conversion 
in progress is cancelled and the new one is started. 
When a conversion is started. the result register is 
cleared. For this reason the result register must be read 
before a new conversion is started or data will be lost. 


Results of the analog conversions are read from the 
AID Result Register at locations 02H and 03H. Al- 
though these addresses are on a word boundary, they 
must be read as individual bytes. Information in the 
AID Result register is formatted as shown in Figure 
31. Note that the status bit may not be set until 8 state 
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state times before testing it. Infomtation on using the 
HSO is in Section 7. 


8.4 Pulse WIdth Modulatil:m Output 
(D/A) 


Digital to analog conversion can be clonewith the Pulse 
Width Modulation output; a block diagram of the cir- 
cuit is shown in Figure 32. The 8-bit counter is incre- 
mented every state time. When it equals 0, the PWM 
output is set to a one. When the counter matches the 
value in the PWM register, the outJ:ut is switched low. 
When the counter overflows, the output is once again 
switched high. A typical output waveform is shown in 
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the output is always low. Additionally, the PWM regis- 
ter will ,only be reloaded from the temporary 
latch 
when the counter overflows. This means that the com- 
pare circuit will not recognize a new value to compare 
against until the counter has expired the remainder of 
the current 8-bit count. 


The output waveform is a variable duty cycle pulse 
which repeats every 256 state times (64 ,."S at 12 MHz). 
Changes in the duty cycle are made by writing to the 
PWM register at location l7H. There are several types 
of motors which require a PWM waveform for most 
efficient operation. Additionally, if this waveform is in- 
tegrated it will produce a DC level which can be 
changed in 256 steps by varying the duty cycle. 


OVERFLOW 


• 
PWM Period 
(XTAL = 12 MHz) = 64 f's, 
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Figure 33. Typical PWM Outputs 


Details about the hardware required for smooth, accu- 
rate D/ A conversion can be found in Section 4 of the 
Hardware 
Design chapter. Typically, some form of 


buffer and integrator are needed to obtain the most use- 
fulness from this feature. 


The PWM output shares a pin with Port 2, pin 5 so 
that these two features cannot be used at the same time. 
10CI.O equal to I selects the PWM function instead of 
the standard port function. More information on lOCI 
is in Section II. 


The HSO unit can be used to generate PWM wave- 
forms with very little CPU overhead. If the HSO is not 
being used for other purposes, a 4 line PWM unit can 
be made by loading the on and off times into the CAM 
in sets of 4. The CAM would then always be loaded and 
only 2 interrupts per PWM pt:riod would be needed. 
An example of using the HSO in this manner can be 
found AP-248, "Using The 8096". This application 
note is included in the MCS..96 Application 
Notes 
chapter. 


The serial port on the 8096BH t..as3 asynchronous and 
one synchronous mode. The asynchronous modes are 
full duplex, meaning they can transmit and receive at 
the same time. The receiver is double buffered so that 
the reception of a second byte can begin before the first 
byte has been read. The port is functionally compatible 


with the serial port on the MCS-51 family of microcon- 
trollers, although the software used to control the ports 
is different. 


Control of the serial port is handled through the Serial 
Port Control/Status 
Register at location llH. 
Figure 


37 shows the layout of this register. The details of using it 
to control the serial port will be discussed in Section 9.2. 


Data to and from the serial port is transferred through 
SBUF (rx) and SBUF (tx), both located at 07H. Al- 
though these registers share the same address, they are 
physically separate, with SBUF (rx) containing the data 
received by the serial port and SBUF (tx) used to hold 
data ready for transmission. The program cannot write 
to SBUF (rx) or read from SBUF (tx). 


The baud rate at which the serial port operates is con- 
trolled by an independent baud rate generator. The in- 
puts to this generator can be either the XTALI or the 
T2CLK pin. Details on setting up the baud rate are 
given in Section 9.3. 


Mode 0 is a synchronous mode which is commonly 
used for shift register based I/O 
expansion. In this 


mode the TXD pin outputs a set of 8 pulses while the 
RXD pin either transmits or receives data. Data is 
transferred 8 bits at a time with the LSB first. A dia- 
gram of the relative timing of these signals is shown in 
Figure 34. Note that this is the only mode which uses 
RXD as an output. 
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Although it is not possible to transmit and receive at 
the same time using this mode, two external gates and a 
port pin can be used to time-multiplex the two func- 
tions. An example of multiplexing transmit and receive 
is discussed in Section 6.1 of the Hardware Design 
chapter. 


Mode 1 is the standard asynchronous communications 
mode. The data frame used in thi! mode is shown in 
Figure 35. It consists of 10 bits; a start bit (0), 8 data 
bits (LSB first), and a stop bit (1). If parity is enabled, 
(the PEN bit is set to a 1), an even parity bit is sent 
instead of the 8th data bit and Pllrity is checked on 
reception. 


Mode 2 is the asynchronous 9th bit recognition mode. 
This mode is commonly used with Mode 3 for multi- 
processor communications. Figure 36 shows the data 
frame used in this mode. It consists of a start bit (0), 9 
data bits (LSB first), and a stop bit (1). When transmit- 
ting, the 9th bit can be set to a one by setting the TB8 
bit in the control register before writing to SBUF (tx). 
The TB8 bit is cleared on every tran;mission, so it must 
be set prior to writing to SBUF (tx) each time it is 
desired. During reception, the serial port interrupt and 
the Receive Interrupt (RI) bit will not be set unless the 
9th bit being received is set. This provides an easy way 
to have selective reception on a data link. Parity cannot 
be enabled in this mode. 


Mode 3 is the asynchronous 9th bit mode. The data 
frame for this mode is identical to that of Mode 2. The 
transmission differences between Mode 3 and Mode 2 
are that parity can be enabled (PEN = 1) and cause the 
9th data bit to take the even parity value. The TB8 bit 
can still be used if parity is not enabled (PEN =0). 
When in Mode 3, a reception always causes an inter- 
rupt, regardless of the state of the 9th bit. The 9th bit is 
stored if PEN =0 and can be read in bit RB8. If 
PEN = 1 then RB8 becomes the Receive Parity Error 
(RPE) flag. 


Control of the serial port is done through the Serial 
Port 
Control 
(SP_CON) 
and 
Serial 
Port 
Status 


(SP_STAT) 
registers shown in Figure 37. Writing to 


location IIH accesses SP_CON 
while reading it access 


SP_STAT. 
Note that reads of SP_STAT 
will return 


indeterminate data in the lower 5 bits and writing to the 
upper 3 bits of SP_CON 
has no effect on chip func- 


tionality. The TB8 bit is cleared after each transmission 
and 
both 
TI 
and 
RI 
are 
cleared 
whenever 


SP_STAT 
(not SP_CON) 
is accessed. Whenever the 


TXD pin is used for the serial port it must be enabled 
by setting IOC1.5 to a 1. lOCI is discussed further in 
Section 11.3. Information on the hardware connections 
and timing of the serial port is in Section 6 of the Hard- 
ware Design chapter. 
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when 
SP_STAT 
is read. 


SP_CON 


(WRITE 
ONLY) 


M2. MI 
SPECIFIES THE MODE. 
0.0 
~ MODE 0 
O.lzMODEI 
1.0= 
MODE 2 
1.1 
= MODE 3 


TBI 
PROGRAMS THE 9TH DATA BIT (IF NOT PARITY) 
ON 
TRANSMISSION: 
TI 
IS THE TRANSMIT 
INTERRUPT 
FLAG: 


RBI 
IS THE 9TH DATA BIT RECEIVED (IF NOT PARITY): 
RPE 
IS THE PARITY 
ERROR INDICATOR (IF PARITY ACTIVE). 
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In Mode 0, ifREN 
= I, writing to SBUF (tx) will start 
a transmission. 
Causing a rising edge on REN, or clear- 
ing RI with REN 
= I, will start a reception. 
Setting 
REN 
= 0 will stop a reception 
ill progress and inhibit 
further receptions. 
To avoid a par:ial or complete unde- 
sired reception, 
REN 
must be set: to zero before RI is 
cleared. 
This can be handled 
in an interrupt 
environ- 
ment by using software flags or in straight-line 
code by 
using the Interrupt 
Pending 
register to signal the com- 
pletion of a reception. 


In the asynchronous 
modes, writing to SBUF (tx) starts 
a transmission. 
A falling edge o:~ RXD 
will begin a 
reception if REN is set to 1. New data placed in SBUF 
(tx) is held and will not be transm.itted 
until the end of 
the stop bit has been sent. 


In all modes, the RI flag is set after the last data bit is 
sampled 
approximately 
in the middle 
of the bit time. 
Also for all modes, the TI flag is !;et after the last data 
bit (either 
8th or 9th) is sent, also in the middle of the 
bit time. The flags clear when SP._STAT 
is read, but 
do not have to be clear for the POit to receive or trans- 
mit. The serial port interrupt 
bit is set as a logical OR 
of the RI and TI bits. Note that ,;hanging 
modes will 
reset the Serial Port and abort any transmission 
or re- 
ception in progress on the channel. 


Baud rates in all modes are determined 
by the contents 
of a 16-bit register 
at location 
OOOEH. This 
register 
must be loaded sequentially 
with 2 bytes (least signifi- 
cant byte first). The serial port 
will not function 
be- 


tween the loading 
of the first and second 
bytes. The 
MSB of this register selects one of two sources for the 
input frequency 
to the baud rate generator. 
If it is a I, 


the frequency on the XT AL I pin is selected, if not, the 
external 
frequency 
from 
the T2CLK 
pin is used. 
It 
should be noted that the maximum 
speed of T2CLK 
is 


one transition 
every 2 state times, with a minimum 
pe- 
riod of 16 XTALI 
cycles. This 
provides 
the needed 
synchronization 
to the internal 
serial port clocks. 


The unsigned 
integer represented 
by the lower 15 bits 
of the baud rate register defines a number 
B, where B 
has a maximum 
value of 32767. The baud rate for the 
four serial modes using either XTALI 
or T2CLK 
as 


the clock source is given by: 


Baud 
XTAL 1 frequency 
Mode 0: 
Rate = 
4 • (B + 1) 


inter 


Baud 
XT AL 1 frequency 
Others: Rate = 
64 • (B + 1) 


Mode 0: Baud 
T2CLK frequency 
B* 0 
Rate = 
B 
-; 


Baud 
T2CLK frequency 
Others: Rate = 
16 • B 
- 


Note that B cannot equal 0, except when using XTALI 
in other than mode O. 


Common baud rate values, using XTALI at 12 MHz, 
are shown below. 


Baud 
Baud RelJister Value 


Rate 
Mode 0 
Others 


9600 
8137H 
8013H 
4800 
8270H 
8026H 
2400 
84E1H 
804DH 
1200 
89C3H 
809BH 
300 
A70FH 
8270H 


The maximum baud rates are 1.5 :\1baud synchronous 
and 
187.5 Kbaud 
asynchronous 
with 
12 MHz on 
XTAL1. 


Mode 2 and 3 are provided for multiprocessor commu- 
nications. In Mode 2 if the receivej 9th data bit is not 
I, the serial port interrupt is not activated. The way to 
use this feature in multiprocessor :;ystems is described 
below. 


When the master processor wants to transmit a block of 
data to one of several slaves, it first sends out an ad- 
dress frame which identifies the target slave. An ad- 
dress frame will ditTerfrom a data frame in that the 9th 
data bit is I in an address frame and 0 in a data frame. 
No slave in Mode 2 will be interrupted by a data frame. 
An address frame, however, will interrupt all slaves so 
that each slave can examine the rec,~ivedbyte and see if 
it is being addressed. The addressc:d slave switches to 
Mode 3 to receive the coming data frames, while the 
slaves that were not addressed stay in Mode 2 and go 
on about their business. 


There are five 8-bit I/O ports on the 8096. Some of 
these ports are input only, some arc:output only, some 


are bidirectional and some have alternate functions. In 
addition to these ports, the HSI/O unit can be used to 
provide extra I/O lines if the timer related features of 
these lines are not needed. 


Input ports connect to the internal bus through an in- 
put butTer. Output ports connect through an output 
butTer to an internal register that hold the bits to be 
output. Bidirectional ports consist of an internal regis- 
ter, an input butTer, and an output butTer. 


Port 0 is an input port which is also used as the analog 
input for the A to D converter. Port I is a quasi-bidi- 
rectional port. Port 2 contains three types of port lines: 
quasi-bidirectional, input and output. The input and 
output 
lines are shared with other functions in the 
8096BH as shown in Table 4. Ports 3 and 4 are open- 
drain bidirectional ports which share their pins with the 
address/data bus. 


Port 
Function 
Alternate 
Controlled 
Function 
by 


P2.0 
Output 
TXD (Serial Port 
IOC1.5 
Transmit) 
P2.1 
Input 
RXD (Serial Port 
N/A 
Receive) 
P2.2 
Input 
EXTINT 
IOC1.1 
(External 
Interrupt) 
P2.3 
Input 
T2CLK (Timer 
IOCO.7 
2 Input) 
P2.4 
Input 
T2RST (Timer 
IOCO.5 
2 Reset) 
P2.5 
Output 
PWM 
IOC1.0 
(Pulse-Width 
Modulation) 


P2.6 
Quasi-Bidirectional 
P2.7 
Quasi-Bidirectional 


Section 2 of the Hardware Design chapter contains ad- 
ditional information on the timing, drive capabilities, 
and input impedances of I/O pins. 


Input ports and pins can only be read. There are no 
output drivers on these pins. The input leakage of these 
pins is in the microamp range. The specific values can 
be found in the data sheet for the device being consid- 
ered. 


In addition to acting as a digital input, each line of Port 
o can be selected to be the input of the A to D converter 
as discussed in Section 8. The pins on Port 0 are tested 


to have D.C. leakage of 3 microamps or less, as speci- 
fied in the data sheet for the device being considered. 
The capacitance on these pins i:l approximately 5 pF 
and will instantaneously increase by around 5 pF when 
the pin is being sampled by the A to D converter. 


The 8096BH samples the input to the AID for 4 state 
times at the beginning of the conversion. The 8X9X 
devices sample the A/D pin 10 times during a conver- 
sion. Details on the A to D com'erter can be found in 
Section 8 of thi"schapter and in Section 3 of the Hard- 
ware Design chapter. 


Port I, Port 2.6 and Port 2.7 are quasi-bidirectional 
ports. "Quasi-bidirectional" 
means that the port pin 
has a weak internal pullup that is always active and an 
internal pulldown which can be olato output a 0, or ofT 
to output a I. If the internal pulldown is left ofT(by 
writing a I to the pin), the pin's I.Jgiclevel can be con- 
trolled by an external pulldown. If the external pull- 
down is on, it will input a 0 to the 8096BH, if it is ofT,a 
I will be input. From the user's point of view, the main 
difference between a quasi-bidirectional 
port and a 
standard input port is that the quasi-bidirectional port 
will source current if externally pulled low. It will also 
pull itself high if left unconnected. 


In parallel with the weak internal pullup is a much 
stronger internal pullup that is a(:tivated for one state 
time when the pin is internally driven from 0 to I. This 
is done to speed up the O-to-I transition time. When 
this pullup is on the pin can typi<:allysource 30 milli- 
amps to Vss. 


When the processor writes to the pins of a quasi-bidi- 
rectional port it actually writes into a register which in 
turn drives the port pin. When the processor reads 
these ports, it senses the status of the pin directly. If a 
port pin is to be used as an input then the software 
should write a one to its associatl:d SFR bit, this will 
cause the low-impedance pull-down device to turn ofT 
and leave the pin pulled up with .1 relatively high im- 


pedance pullup device which can be easily driven down 
by the device driving the input. 


If some pins of a port are to be used as inputs and some 
are to be used as outputs the programmer should be 
careful when writing to the port. 


Particular care should be exercised when using XOR 
opcodes or any opcode which is a read-modify-write 
instruction. It is possible for a Quasi-Bidirectional Pin 
to be written as a one, but read back as a zero if an 
external device (i.e., a transistor base) is pulling the pin 
below VIH' See the Hardware Design Chapter Section 
2.2 for further details on using the Quasi-Bidirectional 
Ports. 


Output pins include the bus control lines, the HSO 
lines, and some of Port 2. These pins can only be used 
as outputs as there are no input bufTers connected to 
them. It is not possible to use immediate logical instruc- 
tions such as XOR PORT2, #OOIIIB to toggle these 
pins. The output currents on these ports is higher than 
that of the quasi-bidirectional ports. 


These pins have two functions. They are either bidirec- 
tional ports with open-drain outputs or System Bus 
pins which the memory controller uses when it is acces- 
ing ofT-chip memory. If the EA line is low, the pins 
always act as the System Bus. Otherwise they act as bus 
pins only during a memory access. If these pins are 
being used as ports and bus pins, ones must be written 
to them prior to bus operations. 


Accessing Port 3 and 4 as I/O is easily done from inter- 
nal registers. Since the LD and ST instructions require 
the use of internal registers, it may be necessary to first 
move the port information into an internal location be- 
fore utilizing the data. If the data is already internal, 
the LD is unnecessary. For instance, to write a word 
value to Port 3 and 4 ... 


register 
+- 
data 
not 
needed 
if already 
internal 


To read Port 3 and 4 requires that "ones" be written to the port registers to first setup the input port configuration 
circuit. Note that the ports are re:;et to this input condition, but if zeroes have been written to the port, then ones 
must be re-written to any pins whl.chare to be used as inputs. Reading Port 3 and 4 from a previously written zero 
condition is as follows ... 


register 
- 
Port 3 and 4 
L'O3:ST not needed 
if previously 
written 
as ones 


When acting as the system bus the pins have strong 
drivers to both Vcc and Vss. These drivers are used 
whenever data is being output on the system bus and 
are not used when data is being output by Ports 3 and 
4. Only the pins and input butTer!.are shared between 
the bus and the ports. The ports use different output 
butTerswhich are configured as open-drain, and require 
pullup resistors. (open-drain is the MOS version of 
open-collector.) The port pins and their system bus 
functions are shown in Table 5. 


Port Pin 
SystEim Bus 
Function 


P3.0 
ADO 
P3.1 
• 
AD1 
P3.2 
AD2 
P3.3 
AD3 
P3.4 
AD4 
P3.5 
AD5 
P3.6 
AD6 
P3.7 
AD? 
P4.0 
ADS 
P4.1 
AD9 
P4.2 
AD10 
P4.3 
AD11 
P4.4 
AD12 
P4.5 
AD13 
P4.6 
AD14 
P4.7 
AD15 


11.0 STATUS 
AND CONTROL 


REGISTERS 


There are two I/O Control registers, lOCO and lOCI. 
lOCO controls Timer 2 and the HSI lines. lOCI con- 
trols some pin functions, interrupt sources and 2 HSO 
pins. 


Whenever input lines are switched between two sourc- 
es, or enabled, it is possible to generate transitions on 
these lines. This could cause problems with respect to 
edge sensitive lines such as the HSI lines, Interrupt line, 
and Timer 2 control lines. 


lOCO is located at OOI5H. The four HSI lines can be 
enabled or disabled to the HSI unit by setting or clear- 
ing bits in lOCO. Timer 2 functions including clock and 
reset sources are also determined by lOCO. The control 
bit locations are shown in Figure 38. 


HSI.O 
INPUT 
ENABLE/DISABLE 


TIMER 
2 RESET EACH 
WRITE 


HSI.l 
INPUT 
ENABLE 
/ 
DISABLE 


TIMER 
2 EXTERNAL 
RESET 
ENABLE 
/ 
DISABLE 


HSI.2 
INPUT 
ENABLE 
/ 
DISABLE 


TIMER 
2 RESET SOURCE 
HSI.O / 
T2RST 


HSI.3 
INPUT 
ENABLE 
/ 
DISABLE 


TIMER 
2 CLOCK 
SOURCE 
HSI.l 
/ 
T2CLK 
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i.... r 
lOCI is used to select some pin functions and enable or 
disable some interrupt sources. Its location is OOI6H. 
Port pin P2.5 can be selected to be the PWM output 
instead of a standard output. The external interrupt 
source can be selected to be either EXTINT (same pin 
as P2.2) or Analog Channel 7 (ACH7, same pin as 
PO.7). Timer 1 and Timer 2 overflow interrupts can be 
individually enabled or disabled. The HSI interrupt can 
be selected to activate either when there is 1 FIFO en- 
try or 7. Port pin P2.0 can be selected to be the TXD 
output. HSO.4 and HSO.5 can b<:enabled or disabled 
to the HSO unit. More information on interrupts 
is 


available in Section 4. The positions of the lOCI con- 
trol bits are shown in Figure 39. 


There are two I/O Status registt:rs, 10SO and 10S1. 
10SO, located at OOI5H,holds the current status of the 
HSO lines and CAM. The status bits of 10SO are 
shown in Figure 40. 


SELECT PWt.4/ SELECT P2.5 


EXTERNAL INTERRUPT ACH7/ 
EXTINT 


TIt.4ER1 OVERFLOW INTERRUI'T ENABLE/ DISABLE 


TIt.4ER2 OVERFLOW INTERRUI'T ENABLE/ DISABLE 


HSO.4 OUTPUT ENABLE / DISABLE 


SELECT TXD/ SELECT P2.0 


HSO.5 OUTPUT ENABLE / DIS/IBLE 


HSI INTERRUPT-------- 
FIFO FULL / HOLDING REGISTER LOADED 


0 
HSO.O CURRENT STATE 


HSO.l 
CURRENT STATE 


2 
HSO.2 CURRENT STATE 


3 
HSO.3 CURRENT STATE 


4 
HSO.4 CURRENT STATE 


5 
HSO.5 CURRENT STATE 


6 
CAt.4 QB HOLDING REGI~;TER IS FULL 


7 
HSO HOLDING REGISTEF: IS FULL 
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SOFTWARE TIt.4ER 0 EXPIRED 


SOFTWARE TIMER 1 EXPIRED 


SOFTWARE TIMER 2 EXPIRED 


SOFTWARE TIMER 3 EXPIRED 


TIMER 2 HAS OVERFLOW 


TIMER 1 HAS OVERFLOW 


HSI FIFO IS FULL 


HSI HOLDING REGISTER DATA AVAILABLE 
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10SI is located at 016H. It contains status bits for the 
timers and the HSI/O. The positions of these bits are 
shown in Figure 41. 


Whenever the processor reads this register all of the 
time-related flags (bits 5 through 0) are cleared. This 
applies not only to explicit reads such as: 


which jumps to somewhere_else 
if bit 3 of 10S 1 is set. 


In most cases this situation can best be handled by hav- 
ing a byte in the register file which is used to maintain 
an image of lower five bits of the register. Any time a 
hardware timer interrupt or a HSO software timer in- 
terrupt occurs the byte can be updated: 


leaving 10SI_image 
containing all the flags that were 


set before plus all the new flags that were read and 
cleared from 10S1. Any other routine which needs to 
sample the flags can safely check 10SI_image. 
Note 


that if these routines need to clear the flags that they 
have acted on, then the modification of 10SI_image 
must be done from inside a critical region (see Section 
4.4). 


inter 


The WatchDog Timer (WDT) provides a means to re- 
cover gracefully from a softwan, upset. When the 
watchdog is enabled it will initiate a hardware reset 
unless the software clears it every Ci4Kstate times. 


The WDT is implemented as an 8-bit timer with an 
8-bit prescaler. The prescaler is not synchronized, so 
the timer will overflow between 65280 and 65535 state 
times after being reset. When the timer overflows it 
pulls down the RESET pin for at least two state times, 
resetting the 8096BH and any other devices tied to the 
RESET line. If a large capacitor is connected to the 
line, the pin may take a long time to go low. This will 
effect the length of time the pin is low and the voltage 
on the pin when it is finished falling. Section 1.4 of the 
Hardware Design chapter contains more information 
about reset hardware connections. 


The WDT is enabled the first time it is cleared. Once it 
is enabled, it can only be disabl,~ by resetting the 
8096BH. The internal bit which controls the watchdog 
can typically maintain its state through power glitches 
as low as VSSand as high as 7.0V f(lr up to one millisec- 
ond. 


The 8X9X devices do not have the extra glitch protection 
on the WDT enable bit. 


Enabling and clearing the WDT i:; done by writing a 
"OIEH" followed by a "OEIH" to the WDT register at 
location OAH. This double write is used to help prevent 
accidental clearing of the timer. 


Glitches and noise on the PC board can cause software 
upsets, typically by changing either memory locations 
or the program counter. These changes can be internal 
to the chip or be caused by bad data returning to the 
chip. 


There are both hardware and scftware solutions to 
noise problems, but the best solution is good design 
practice and a few ounces of prevmtion. The software 
can be designed so that the watchdog times out if the 
program does not progress properly. The watchdog will 
also time-out if the software error was due to ESD 
(Electrostatic 
Discharge) 
or other hardware 
related 
problems. This prevents the controller from having a 
malfunction for longer than 16 milliseconds if a 12 
MHz oscillator is used. 


When using the WDT to protect software it is desirable 
to reset it from only one place in c:>de.This will lessen 
the chance that an undesired WDT reset will occur. 
The section of code that resets the WDT should moni- 
tor the other code sections for proper operation. This 


can be done by checking variables to make sure they 
are within reasonable values. Simply using a software 
timer to reset the WDT every 15 milliseconds will not 
provide much protection against minor problems. 


It is also recommended that unused areas of code be 
filled with NOPs and periodic jumps to an error routine 
or RST (reset chip) instructions. This is particularly 
important in the code around lookup tables, since if 
lookup tables are executed undesired results will occur. 
Wherever space allows, each table should be surround- 
ed by 7 NOPs (the longest 8096 instruction has 7 bytes) 
and a RST or jump to error routine instruction. Since 
RST is a one-byte instruction, the NOPs are not needed 
if RSTs are used instead of jumps to an error routine. 
This will help to ensure a speedy recovery should the 
processor have a glitch in the program flow. Since RST 
instruction has an opcode of OFFH, pulling the data 
lines high with resistors will cause an RST to be execut- 
ed if unimplemented memory is addressed. 


The watchdog should be disabled by software not ini- 
tializing it. If this is not possible, such as during pro- 
gram development, the watchdog can be disabled by 
.holding the RESET pin at 2.0V to 2.5V. Voltages over 
2.5V on the pin could quickly damage the part. Even at 
2.5V, using this technique for other than debugging 
purposes is not recommended, as it may effect long 
term reliability. It is further recommended that any 
part used in this way for more than several seconds, not 
be used in production versions of products. Section 1.6 
of the Hardware Design chapter has more information 
on disabling the Watchdog Timer. 


As with all processors, the 8096BH must be reset each 
time the power is turned on. This is done by holding the 
RESET pin low for at least 2 state times after the power 
supply is within tolerance and the oscillator has stabi- 
lized. 


On 8X9X devices the RESET pin must be held low long 
enough for the power supply, oscillator and back-bias 
generator to stabilize. Typically, the back-bias generator 
requires one millisecond to stabilize. 


After the RESET pin is brought high, a ten state reset 
sequence is executed. During this time, the Chip Con- 
figuration Byte (CCB) is read from location 2018H and 
written to the 8096BH Chip Configuration 
Register 
(CCR). If the voltage on the EA pin selects the inter- 


inter 


naVexternal execution mode the CCB is read from in- 
ternal ROM/EPROM. 
If the voltage on the EA pin 


selects the external execution only mode the CCB is 
read from external memory. 


The S096BH can be reset using a capacitor, I-shot, or 
any other method capable of providing a pulse of at 
least 2 state times longer than required for Vcc and the 
oscillator to stabilize. 


For best functionality, it is suggested that the reset pin 
be pulled low with an open collector device. In this 
way, several reset sources can be wire ORed together. 
Remember, the RESET pin itself can be a reset source 
when the RST instruction is executed or when the 
Watchdog Timer overflows. Details of hardware sug- 
gestions for reset can be found in Section 1.4 of the 
Hardware Design chapter. 


The I/O lines and control lines of the S096BH will be 
in their reset state within 2 state times after reset is low, 
with Vcc and the oscillator stabilized. Prior to that 
time, the status of the I/O lines is indeterminate. After 
the 10 state time reset sequence, the Special Function 
Registers will be set as follows: 


RegIster 
Reset Value 


Port 1 
11111111B 
Port 2 
110XXXX1B 
Port 3 
11111111B 
Port 4 
11111111B 
PWM Control 
OOH 
Serial Port (Transmit) 
undefined 
Serial Port (Receive) 
undefined 
Baud Rate Register 
undefined 
Serial Port Control 
XXXXOXXXB 
Serial Port Status 
XOOXXXXXB 
AID Command 
. 
undefined 
AID Result 
undefined 
Interrupt Pending 
undefined 
Interrupt Mask 
OOOOOOOOB 
Timer 1 
OOOOH 
Timer 2 
OOOOH 
Watchdog Timer 
OOOOH 
HSI Mode 
11111111B 
HSI Status 
undefined 
10SO 
OOOOOOOOB 
IOS1 
OOOOOOOOB 
lOCO 
XOXOXOXOB 
IOC1 
XOXOXXX1B 
HSI FIFO 
empty 
HSOCAM 
empty 
HSO lines 
OOOOOOB 
PSW 
I 
OOOOH 
Stack Pointer 
undefined 
Program Counter 
2080H 


Pin 
Reset Value 


AD 
high 
WR/WRL 
high 
ALE/ADV 
high 


BHE/WRH 
low 


INST 
high 
ALE (8X9X) 
low 


It is important to note that the Stack Pointer and Inter- 
rupt Pending Register are undefined, and need to be 
initialized in software. The Interrupts are disabled by 
both the mask register and PSW.9 after a reset. 


13.3 
Reset Sync Mode 


The RESET line can be used to start the S096BHat an 
exact state time to provide for synchronization of test 
equipment and multiple chip systems. RESET is active 
low. To synchronize parts, RESET is brought high on 
the rising edge of XTAL1. Complete details on syn- 
chronizing parts can be found in Section 1.5 of the 
Hardware Design chapter. 


It is very possible that parts which start in sync may 
not stay that way. The best example of this would be 
when a "jump on 110 bit" is being used to hold the 
processor in a loop. If the line changes during the time 
it is being tested, one processor may see it as a one, 
while the other sees it as a zero. The result is that one 
processor will do an extra loop, thus putting it several 
states out of sync with the other. 


On the 4S-pin parts the following pins are not bonded 
out: Portl, PortO(Analog In) bits 0-3, T2CLK (p2.3), 
T2RST (P2.4), P2.6, P2.7, CLKOUT, INST, NMI, 
BUSWIDTH (TEST on SX9X devices). 


inter 


Symbol 
Name and Function 


Vcc 
Main supply voltage 
(5V). 


VSS 
Digital circuit ground (OV). 


VPD 
RAM standby suoply voltage 
(5V). This voltage 
must be present during normal operation. 
In 


a Power Down condition 
(i.e. Vcc drops to zero), if RESET is activated 
before Vcc drops 


below spec and VPD continues 
to be held within spec., the top 16 bytes in the Register 
File 


will retain their contents. 
RESET must be held low during the Power Down and should not 


be brought high until Vcc is within spec and the oscillator 
has stabilized. 
See Section 
2.3. 


VREF 
Reference 
volta~le for the AID converter 
(5V). VREF is also the supply voltage 
to the analog 


portion of the AID converter 
and the logic used to read Port O. See Section 8. 


ANGND 
Reference 
ground for the AID 
converter. 
Should be held at nominally 
the same potential 
as 


Vss. See Section 8. 


Vpp 
Programming 
vo'tage 
for the EPROM parts. It should be + 12.75V when programming 
and 
Vee(8X9X) 
will float to 5V otherwise. 
It should not be above 5.5V on other than EPROM parts. This pin 


is Vee on 8X9X parts. Systems that have this pin connected 
to ANGND through 
a 


capacitance 
(required on 8X9X parts) do not need to change. 


XTAL1 
Input of the oscillator 
inverter and of the internal clock generator. 
See Section 
1.5. 


XTAL2 
Output of the osdllator 
inverter. See Section 
1.5. 


CLKOUT 
Output of the intornal clock generator. 
The frequency 
of CLKOUT 
is % the oscillator 


frequency. 
It has a 33% duty cycle. See Section 
1.5 


RESET 
Reset input to th3 chip. Input low for at least 2 state times to reset the chip. The subsequent 
low-to-high 
transition 
re-synchronizes 
CLKOUT and commences 
a 1O-state-time 
sequence 


in which the PSW is cleared, a byte read from 2018H loads CCR, and a jump to location 
2080H is executod. 
Input high for normal operation. 
RESET has an internal 
pullup. (The 


read from 2018H is not done on BX9X parts). See Section 
13. 


BUSWIDTH 
Input for buswidth 
selection. 
If CCR bit 1 is a one, this pin selects the bus width for the bus 
TEST(BX9X) 
cycle in progress. 
If BUSWIDTH 
is a 1, a 16-bit bus cycle occurs. 
If BUSWIDTH 
is a 0 an 


B-bit cycle occum. 
If CCR bit 1 is a 0, the bus is always an B-bit bus. This pin is the TEST pin 


on 8X9X parts. Systems with TEST tied to Vcc do not need to change. 
If this pin is left 


unconnected, 
it will rise to Vcc. See Section 2.7. 


NMI 
A positive transit on causes a vector to external 
memory location 
OOOOH.External 
memory 


from OOHthrough OFFH is reserved 
for Intel development 
systems. 


INST 
Output high during an external 
memory read indicates 
the read is an instruction 
fetch. INST 
is valid throughout 
the bus cycle. 


EA 
Input for memory select (External Access). 
EA equal to a TTL-high 
causes memory 


accesses 
to locations 
2000H through 3FFFH to be directed 
to on-chip 
ROM/EPROM. 
EA 


~al 
to a TTL-Iow causes accesses 
to these locations 
to be directed 
to off-chip 
memo~ 


EA = + 12.5V causes execution 
to begin in the Programming 
mode on EPROM parts. EA 


has an internal p'Jlldown, so it goes to 0 unless driven otherwise. 


ALE/ADV 
Address 
Latch El1able or Address 
Valid output, as selected 
by CCR. Both pin options 


provide a latch tel demultiplex 
the address from the address/data 
bus. When the pin is ADV, 
it goes inactive high at the end of the bus cycle. ADV can be used as a chip select for __ 
external 
memory. ALE/ ADV is activated 
only during external 
memory accesses. 
(The ADV 


function 
is not available 
on 8X9X parts). See Section 2.7. 


RD 
Read signal output to external 
memory. 
RD is activated 
only during external 
memory 
reads. 


Symbol 
Name and Function 


WR/WRL 
Write and Write Low output to external 
memory, as selected 
by the CCR. WR will go low for 


every external write, while WRL will go low only for external writes where an even byte is 
being written. WR/WRL 
is activated 
only during external 
memory writes. (The WRL function 


is not available 
on 8X9X parts). See Section 
2.7. 


BHE/WRH 
Bus High Enclble or Write High output to external 
memory, as selected 
by the CCR. BHE = 
o selects the bank of memory that is connected 
to the high byte of the data bus. AO = 0 
selects the bank of memory that is connected 
to the low byte of the data bus. Thus 
accesses 
to a 16-bit wide memory can be to the low byte only (AO = 0, BHE = 1), to the 
high byte only (AO = 1, BHE # = 0), or both bytes (AO = 0, BHE = 0). If the WRH function 
is selected, 
the pin will go low if the bus cycle is writing to an odd memory 
location. 
(The 
WRH function 
is not available 
on 8X9X parts). See Section 
2.7. 


READY 
Ready input to lengthen 
external 
memory cycles, for interfacing 
to slow or dynamic 
memory, 


or for bus sharing. If the pin is high, CPU operation 
continues 
in a normal manner. If the pin 
is low prior to the falling edge of CLKOUT, 
the Memory Controller 
goes into a wait mode 
until the next positive transition 
in CLKOUT 
occurs with READY high. The bus cycle can be 
lengthened 
b)' up to 1 its. When the external 
memory is not being used, READY has no 
effect. 
Internal control of the number of wait states inserted 
into a bus cycle held not ready 
is available 
through configuration 
of CCR. READY has a weak internal 
pull up, so it goes to 1 
unless externally 
pulled low. (Internal control 
of the number of wait states is not available 
on 


8X9X parts). See Section 2.7. 


HSI 
Inputs to High Speed Input Unit. Four HSI pins are available: 
HSI.O, HSI.1, HSI.2, and HSI.3. 


Two of them (HSI.2 and HSI.3) are shared with the HSO Unit. The HSI pins are also used as 
inputs by EPROM parts in Programming 
mode. See Section 
6. 


HSO 
Outputs from High Speed Output Unit. Six HSO pins are available: 
HSO.O, HSO.1, HSO.2, 


HSO.3, HSO.4, and HSO.5. Two of them (HSO.4 and HSO.5) are shared with the HSI Unit. 
See Section 
7. 


Port 0 
8-bit high impedance 
input-only 
port. These pins can be used as digital inputs and/or 
as 
analog inputs to the on-chip A/D converter. 
These pins are also a mode input to EPROM 
parts in the Prcgramming 
mode. See Section 
10. 


Port 1 
8-bit quasi-bidirectional 
I/O port. See Section 
10. 


Port 2 
8-bit multi-functional 
port. Six of its pins are shared with other functions 
in the 8096BH, 
the 
remaining 
2 are' quasi-bidirectional. 
These pins are also used to input and output control 
signals on EPROM parts in Programming 
Mode. See Section 
10. 


Ports 3 and 4 
8-bit bi-directionall/O 
ports with open drain outputs. These pins are shared with the 
multiplexed 
adclress/data 
bus which has strong internal pull ups. Ports 3 and 4 are also used 
as a command, 
address and data path by EPROM parts operating 
in the programming 
mode. See Sec':ions 2.7 and 10. 


The following is a list of pins in, alphabetical order. 
Where a pin has two names it has been listed under 
both names, except for the system bus pins, ADO- 
ADI5, which are listed under Port 3 and Port 4. 


Name 
58-Pin 
58-Pin 
48-Pin 


.. 
PLCC 
PGA 
DIP 


ACHO/PO.O 
6 
4 
- 
ACH1/PO.1 
5 
5 
- 
ACH2/PO.2 
7 
3 
- 
ACH3/PO.3 
.4 
6 
- 
ACH4/POAIMOD.0 
11 
67 
43 
ACH5/PO.5/MOD.1 
10 
68 
42 
ACH6/PO.6/MOD.2 
8 
2 
40 
ACH7 IPO. 7IMOD.3 
9 
1 
41 
ALE/ADV 
62 
16 
34 
ANGND 
12 
66 
44 
BHE/WRH 
41 
37 
15 
BUSWIDTH 
(TEST) 
64 
14 
- 
CLKOUT 
65 
13 
- 
EA 
2 
8 
39 
EXTINT IP2.2/PROG 
'15 
63 
47 
HSI.O 
24 
54 
3 
HSI.1 
25 
53 
4 
HSI.2/HSOA 
26 
52 
5 
HSI.3/HSO.5 
27 
51 
6 
HSO.O 
28 
50 
7 
HSO.1 
29 
49 
8 
HSO.2 
34 
44 
9 
HSO.3 
35 
43 
10 
HSOA/HSI.2 
26 
52 
5 
HSO.5/HSI.3 
27 
51 
6 
INST 
63 
15 
- 
NMI 
3 
7 
- 
PWM/P2.5/PDO 
39 
39 
13 
PALE/P2.1/RXD 
17 
61 
1 
PROG/P2.2/EXTNT 
15 
63 
47 
PVER/P2.0/TXD 
18 
60 
2 
PO.O/ACHO 
6 
4 
- 
PO.1/ACH1 
5 
5 
- 
PO.2/ACH2 
7 
3 
- 
PO.3/ACH3 
4 
6 
- 
POAI ACH4/MOD.0 
11 
67 
43 
PO.51 ACH5/MOD.1 
10 
68 
42 
PO.61 ACH6/MOD.2 
8 
2 
40 
PO. 7I ACH7 IMOD.3 
9 
1 
41 
P1.0 
19 
59 
- 
P1.1 
20 
58 
- 
P1.2 
21 
57 
- 
P1.3 
22 
56 
- 
P1A 
23 
55 
- 
P1.5 
30 
48 
- 


11IC1111t: 
PLCC 
PGA 
DIP 


P1.6 
31 
47 
- 
P1.7 
32 
46 
- 
P2.0/TXD/NER 
18 
60 
2 
P2.1/RXD/PALE 
17 
61 
1 
P2.2/EXTINT 
15 
63 
47 
P2.3/T2CLK 
44 
34 
- 
P2AIT2RST 
42 
36 
- 
P2.5/PWM/PDO 
39 
39 
13 
P2.6 
33 
45 
- 
P2.7 
38 
40 
- 
P3.0/ADO 
60 
18 
32 
P3.1/AD1 
59 
19 
31 
P3.2/AD2 
58 
20 
30 
P3.3/AD3 
57 
21 
29 
P3A/AD4 
56 
22 
28 
P3.5/AD5 
55 
23 
27 
P3.6/AD6 
54 
24 
26 
P3.7/AD7 
53 
25 
25 
P4.0/AD8 
52 
26 
24 
P4.1/AD9 
51 
27 
23 
P4.2/AD10 
. 
50 
28 
22 
P4.3/AD11 
49 
29 
21 
P4A/AD12 
48 
30 
20 
P4.5/AD13 
47 
31 
19 
P4.6/AD14 
46 
32 
18 
P4.7/AD15 
45 
33 
17 
RD 
61 
17 
33 
READY 
43 
35 
16 
RESET 
16 
62 
48 
RXD/P2.1 
17 
61 
1 
SALE/PVER/P2.0 
18 
60 
2 
SPROG/PDO/P2.5 
39 
39 
13 
TXD/P2.0 
18 
60 
2 
T2CLK/P2.3 
44 
34 
- 
T2RST/P2A 
42 
36 
- 
VBB 
37 
41 
12 
VCC 
1 
9 
38 
VPD 
14 
64 
46 
VREF 
13 
65 
45 
VSS 
68 
10 
11 
VSS 
36 
42 
37 
WR/WRL 
40 
38 
14 
WRH/BHE 
41 
37 
15 
XTAL1 
67 
11 
36 
XTAL2 
66 
12 
35 


The Following pins are not bonded out in the 48-pin 
package: 


P1.0 through P1.7. PO.Othrough PO.3.P2.3, P2.4, P2.6, 
P2.7 CLKOUT. INST, NMI. TEST, T2CLK (P2.3). 
T2RST (P2.4). 


15-47 


inter 


The MCS-96 products are available in 48-pin and 68-pin packages, with and without AID, and with and without on- 
chip ROM or EPROM. The MC'S-96 numbering system is shown below. Section 14.4 shows the pinouts for the 48- 
and 68-pin packages. The 48-pin version is offered in a Dual-In-Line package while the 68-pin versions come in a 
Plastic Leaded Chip Carrier (PLCC), a Pin Grid Array (PGA) or a Type "B" Leadless Chip Carrier. 


Without AID 
With AID 


48 Pin 
C809SBH - Ceramic 
DIP 
ROMless 
P809SBH • Plastic DIP 
809XBH 
A8096BH 
- Ceramic 
PGA 
A8097BH 
• Ceramic 
PGA 
68 Pin 
N8096BH 
- PLCC 
N8097BH 
- PLCC 


48PII11 
C839SBH - ceramic 
DIP 
ROM 
P839SBH • Plastic DIP 
839XBH 
A8396BH 
• Ceramic 
PGA 
A8397BH 
- Ceramic 
PGA 
68 Pin 
N8396BH 
- PLCC 
N8397BH 
- PLCC 


EPROM 
48 Pin 
C879SBH - Ceramic 
DIP 


879XBH 
68 Pin 
A8796BH 
- Ceramic 
PGA 
A8797BH 
• ceramic 
PGA 
R8796BH 
- Ceramic 
LCC 
R8797BH 
- Ceramic 
LCC 


48 Pin 
C809S-90 - Ceramic 
DIP 
ROMless 
P809S·90 - Plastic DIP 
8096 
A8096-90 
- Ceramic 
PGA 
A8097 -90 - Ceramic 
PGA 
68 Pin 
N8096-90 
- PLCC 
N8097 ·90 • PLCC 


48 Pin 
C839S·90· 
Ceramic 
DIP 
ROM 
P839S·90· 
Plastic DIP 
8396 
A8396-90 
- Ceramic 
PGA 
A8397 ·90 - Ceramic 
PGA 
68 Pin 
N8396·90 
• PLCC 
N8397 ·90 • PLCC 


MTBF Calculations· 


3.8 x 
107 Device Hours 
@ SS·C 


1.7 x 
107 Device Hours 
@ 70·C 


°MTBF data was obtained through calculations based upon the actu- 
al average junction temperatures under stress at SsoC and 70"C 
ambient. 


Device Type 
~!MOSGates 


839X/879X 
120,000 


809X 
SO,OOO 


TeASE 
Package Type 
8Ja 
8Jc 
COMM'L 
EXPRESS 


8SoC 
100·C 
PGA 
3S·C/W 
10·C/W 


8SoC 
100°C 
PLCC 
37·C/W 
10·C/W 


LCC 
28°C/W 
- 


Plastic DIP 
38·C/W 
- 


79.7SoC 
94.7S·C 
Ceramic 
DIP 
26·C/W 
6.soC/W 


inter 


RXD/P2.1 


TXD/P2.0 


H$IO 


HSII 


HSI2/HSO' 
HSI3/HS05 


HSOO 


H$Ol 


HS02 


HS03 


VSS 


Vpp 


PWM/p2.5 
WRL/WR 


WRH/8HE 


READY 


ADI5/p··7 


AD14/p··6 


AOI3/p··5 


AD12/P'" 


ADll/p··3 


AD10/P'.2 


AD9/p··l 
ADS/p,·o 


RESET 


EXTlNT/p2.2 


VpD 


VREf 


ANGNO 


ACH·/PO.' 
ACH5/pO.5 


ACH7/pO.7 


ACH6/pO.6 


EA 


Vec 


Vss 
XTALl 


xrAL2 


ALE/ADV 
iiii 


AOO/P3.0 


AD1/p3.1 


A02/p3.2 


A03/p3.3 


AO·/p3.' 


AD5/p3.5 


AD6/p3.6 


A07/p3.7 


17 1513 
11 9 
5 
3 
1 
"- 
1819 
16 14 12 10 
6. 
2 
68 


2021 
MCS<!>-96 
6766 
22 23 
68 PIN 
65 6. 
2. 2S 
GRIDARRAY 
63 62 


26 27 
61 60 


28 29 
LOOK~~~66r:N ON 
59 58 
30 31 
COMPONENTSlOE 
57 56 


32 33 
OF PC80ARO 
55 5. 


3. 36 38 .0 
42 ••• 
6 48 50 53 52 


35 37 39 41 43 45 47 49 51 


68-Pln Package 
(Pin Grid Array - Top View) 


ACH5/pO.5 


ACH4/PO.4 


ANGNO 


VREF 


VpD 
EXTINT/P2.2 


RESET 


RXO/P2.1 


TXO/P2.0 


P1.0 


P1., 


P1.2 


P1.3 


P1.4 


HSIO 


HSl1 


HSI2/HS04 


" 


oo 
N 
C! 
.., 
:I: 
0 0 0 0 0 0 


115 
.. .. .. .. .. .. 
I- l:i 
......•........•.....•..•.....•..•....•...•...•.•.. 


N 
::> i 
~ 
r- 
oo 
N 0 i .., 
-' -' 
0 
:I: 
:I: 
:I: 
:I: 
:I: ~I~ 
!l ~~ ;! ~ 
VI 


~ ~l~ 
<) 
<) 
<) 
<) 
<) 
<) 
ii: 
.. .. .. .. .. .. 
> > x 
x 
<) 


AOO/P3.0 


A01/P3., 


A02/P3.2 


A03/P3.3 


A04/P3.4 


A05/P3.5 


A06/P3.6 


A07/P3.7 


ADB/P4.0 


A09/P4.' 


A010/P4.2 


A011/P4.3 


AOI2/P4.4 


AOI3/P4.5 


AOU/P4.6 


A015/P4.7 


T2CLK/P2.3 


VI 
0 0 "1 ~ " 


oo 
N .., 
., 
•. r- ~I~I~~ l:i 
0 
0 
N 
0 
0 ., .. . 


VI 
VI 
VI .. 0: 0: .. 
VI 
VI 
> > ~ 
~ 
:I: 
:I: 
:I: 
:I: 
:I: 
.. 
.....•. 
..... 
'Iii! 1%~ 
0: 
.., 
:I 
~ 
0:: 
V) 
in 
IE 
~ 
~ 
:I: 


270250-43 


", 
2 
3 
4 
5 
6 
7 
8 
9 
10 11 12 13 14 15 16 17 L 
68 
18 


67 
19 


~ 
W 


65 
21 


64 
MCS<!> 
-96 
22 


63 
68 PIN 
23 


62 
LEAOLESSCHIPCARRIER 
24 


TYPE"8" 
61 
(EPROMONLY) 
25 


60 
TOPVIEW 
26 


59 
LOOKINGDOWNON 
27 


58 
C~~P~~::~~E 
28 
~ 
~ 


~ 
~ 


55 
31 
M 
D 


U 
n 


~ 
M 


51 50 49 48 47 .6 45 44 43 42 41 40 39 38 37 36 35 •• 


'GAr 
PLCC 
Description 
PGAI 
PLCC 
Description 
PGAI 
PLCC 
Description 
LCC 
LCC 
LCC 


1 
9 
ACH7/PO.7/PMOD.3 
24 
54 
AD6/P3.6 
47 
31 
P1.6 


2 
8 
ACH6/PO.6/PMOD.2 
25 
53 
AD7/P3.7 
48 
30 
P1.5 


3 
7 
ACH2/PO.2 
26 
52 
AD8/P4.0 
49 
29 
HSO.1 


4 
6 
ACHO/PO.O 
27 
51 
AD9/P4.1 
50 
28 
HSO.O 


5 
5 
ACH1/PO.1 
28 
50 
AD10/P4.2 
51 
27 
HSO.5/HSI.3 


6 
4 
ACH3/PO.3 
29 
49 
AD11/P4.3 
52 
26 
HSO.4/HSI.2 


7 
3 
NMI 
30 
48 
AD12/P4.4 
53 
25 
HSI.1 


8 
2 
EA 
31 
47 
AD13/P4.5 
54 
24 
HSI.O 


9 
1 
VCC 
32 
46 
AD14/P4.6 
55 
23 
P1.4 


10 
68 
VSS 
33 
45 
AD15/P4.7 
56 
22 
P1.3 


11 
67 
XTAL1 
34 
44 
T2CLK/P2.3 
57 
21 
P1.2 


12 
66 
XTAL2 
35 
43 
READY 
58 
20 
P1.1 


13 
65 
CLKOUT 
36 
42 
T2RST/P2.4 
59 
19 
P1.0 


14 
64 
BUSWIDTH 
37 
41 
BHE/WRH 
60 
18 
TXD/P2.0/PVERISALE 


15 
63 
INST 
38 
40 
WR/WRL 
61 
17 
RXD/P2.1/PALE 


16 
62 
ALE/ADV 
39 
39 
PWM/P2.5/POO/SPROG 
62 
16 
RESET 


17 
61 
RD 
40 
38 
P2.7 
63 
15 
EXTINT IP2.2/PROG 


18 
60 
ADO/P3.0 
41 
37 
VPP 
64 
14 
VPD 


19 
59 
AD1/P3.1 
42 
36 
VSS 
65 
13 
VREF 


20 
58 
AD2/P3.2 
43 
35 
HSO.3 
66 
12 
ANGND 


21 
57 
AD3/P3.3 
44 
34 
HSO.2 
67 
11 
ACH4/PO.4/PMOD.0 


22 
56 
AD4/P3.4 
45 
33 
P2.6 
68 
10 
ACH5/PO.5/PMOD.1 


23 
55 
AD5/P3.5 
46 
32 
P1.7 


255 


POWER-DOWN 


RA'" 
240 


INTERNAL 
239 


REGISTER 
riLE 


(RA"') 


I. 


26 


STACK 
POINTER 


IOS1 


10SO 


RESERVED 


SP_STAT 


10 PORT 
2 


10 PORT 
1 


10 PORT 
0 


TI•••ER2 
(HI) 


TI•••ER2 
(LO) 


n •••ERl 
(HI) 


n •••ER1 
(LO) 


INLPENOING 


INL 
•••ASK 


SBUF 
(RX) 


HSLSTATUS 


HSLTI 
•••E (HI) 


HSLTI 
•••E (LO) 


AD_RESULT 
(HI) 


AD_RESULT 
(LO) 


RO (HI) 


RO (LO) 


STACK 
POINTER 


PW"'_CO~ 
TROL 


lOCI 


lOCO 


RESERVED 


SP_CON 


10 PORT 
2 


10 PORT 
I 


BAUD_RA1! 


RESERVED 


WATCHDOG 


INLPENDI~G 


INL 
•••ASK 


SBUF 
(TX) 


HSO_CO 
•••IIAND 


HSO_ n •••E (HI) 


HSO_T1 •••E (LO) 


HSL"'ODE 


AD_CO 
••••••i\ND 


RO (HI) 


RO (LO) 


25 


24 
EXTERNAL 
•••E•••ORY 


OR I/o 


23 


22 


21 
INTERNAL 
PROGRA ••• 


20 
STORAGE 
ROW/EPROW 
OR 


19 
EXTERNAL 
"'E •••ORY 


18 
RESERVED 
17 
" 
SECURITY 
KEY 


16 
RESERVED 


15 
SELF 
JU •••P OPCODE 
(27H 
FtH) 
" 
14 
RESERVED 


13 
CHIP 
CONFIGURATION 
BYTE 
" 
12 
RESERVED 


11 


10 
INTERRUPT 
VECTORS 


9 


8 


7 
PORT 
4 


6 
PORT 
3 


5 
EXTERNAL 
•••E•••ORY 


4 
OR I/O 


3 
INTERNAL 
RAW 


2 
REGISTER 
riLE 
STACK 
POINTER 
1 
SPECIAL 
FUNCTION 
REGISTERS 


0 
(WHEN 
ACCESSED 
AS 
DATA 
•••E•••ORY) 


NOTE: 
"Registers 
marked 
by an asterisk 
am not present 
on 8X9X devices 


2080H 


2030H 
- 
207FH 


2020H 
- 
202FH 


201CH-201FH 


201AH-201BH 


2019H 


2D18H 


2D12H-2017H 


2000H 


lFFFH 


1FFEH 


Mnemonic 
Oper- 
Operation (Note 1) 
Flags 
Notes 
ands 
Z 
N 
C 
V 
VT 
ST 


ADD/ADDB 
2 
D +- 
D+A 
'" 
'" 
'" 
'" 
t - 


ADD/AD DB 
3 
D+-B+A 
'" 
'" 
'" 
'" 
t 
- 


ADDC/ADDCB 
2 
D+-D+A+C 
J, 
'" 
'" 
'" 
t 
- 
SUB/SUBB 
2 
D+-D-A 
'" 
'" 
'" 
'" 
t 
- 


SUB/SUBB 
3 
D+-B-A 
'" 
'" 
'" 
'" 
t 
- 


SUBC/SUBCB 
2 
D+--D-A+C-1 
J, 
'" 
'" 
'" 
t 
- 
CMP/CMPB 
2 
D-A 
'" 
'" 
'" 
'" 
t - 
MUL/MULU 
2 
D, D + 2 +- 
D· A 
- - - - - 
? 
2 


MUL/MULU 
3 
D, D + 2 +- 
B· 
A 
- - - - - 
? 
2 


MULB/MULUB 
2 
D, D + 1 +- 
D· A 
- - - - - 
? 
3 


MULB/MULUB 
3 
D, D + 1 +- 
B· A 
- - - - - 
? 
3 


DIVU 
2 
D +-- 
(D, D + 2)/ A, D + 2 
+- 
remainder 
- - - 
'" 
t - 
2 


DIVUB 
2 
D +-- 
(D, D + 1)/A, D + 1 
+- 
remainder 
- - - 
'" 
t 
- 
3 


DIV 
2 
D +-- 
(D, D + 2)/ A, D + 2 
+- 
remainder 
- - - 
? 
t - 
DIVB 
2 
D +-. 
(D, D + 1)/A, D + 1 
+- 
remainder 
- - - 
? 
t 
- 
AND/ANDB 
2 
D +-. 
DandA 
'" 
'" 
0 
0 
- - 
AND/ANDB 
3 
D +-. 
BandA 
'" 
'" 
0 
0 
- 
- 
OR/ORB 
2 
D +-. 
DorA 
'" 
'" 
0 
0 
- - 
XOR/XORB 
2 
D _. 
D (excl. or) A 
'" 
'" 
0 
0 
- - 
LD/LDB 
2 
D -'.A 
- - 
- 
- - - 
ST/STB 
2 
A-D 
- - - 
- 
- 
- 
LDBSE 
2 
D - 
A;D 
+ 1 +- 
SIGN(A) 
- - - - - 
- 
3,4 


LDBZE 
2 
D +- 
A;D+ 
1 +-0 
- - - - - - 
3,4 


PUSH 
1 
SP +- 
SP - 
2; (SP) +- 
A 
- - - - - 
- 
POP 
1 
A +- 
(SP); SP +- 
SP + 2 
- - - - - - 
PUSHF 
0 
SP +-- 
SP - 
2; (SP) +- 
PSW; 
0 
0 
0 
0 
0 
0 
PSW +- 
OOOOH 
I+-O 


POPF 
0 
PSW +- 
(SP); SP +- 
SP + 2; 
I+-", 
'" 
'" 
'" 
'" 
'" 
'" 
SJMP 
1 
PC +-- 
PC + 11-bit offset 
- - - - - - 
5 


LJMP 
1 
PC +-- 
PC + 16-bit offset 
- - - - - - 
5 
BR (indirect] 
1 
PC +-- 
(A) 
- - - - - - 
SCALL 
1 
SP +-- 
SP - 
2; (SP) +- 
PC; 
- - - - - 
- 
5 
PC +-- 
PC + 11-bit offset 


LCALL 
1 
SP +-. 
SP - 
2; (SP) +- 
PC; 
- - - - - - 
5 
PC +-- 
PC + 16-bit offset 


RET 
0 
PC +-. 
(SP); SP +- 
SP + 2 
- - - - - 
- 


J (conditional) 
1 
PC +-. 
PC + 8-bit offset (if taken) 
- 
- - - - - 
5 
JC 
1 
Jump il'C = 1 
- - 
- 
- 
- 
- 
5 


JNC 
1 
Jumpil'C 
= 0 
- - - - - 
- 
5 
JE 
1 
Jump ifZ = 1 
- - - - - - 
5 


NOTES: 
1. If the mnemonic ends in "B", a b)te operation is performed, otherwise a word operation is done. Operands D, B, and A 
must conform to the alignment rules for the required operand type. D and B are locations in the Register File; A can be 
located anywhere in memory. 
2. D, D + 2 are consecutive WORDS in memory; D is DOUBLE-WORD aligned. 
3. D, D + 1 are consecutive BYTES n memory; D is WORD aligned. 
4. Changes a byte to a word. 
5. Offset is a 2's complement numbel'. 


inter 


Mnemonic 
Oper- 
Operation (Note 1) 
Flags 
Notes 
ands 
Z 
N 
C 
V 
VT 
ST 


JNE 
1 
JumpifZ 
= 0 
- - - - - 
- 
5 


JGE 
1 
Jump if N = 0 
- - - - - 
- 
5 


JLT 
1 
Jump if N = 1 
- - - - - - 
5 


JGT 
1 
Jump if N = 0 and Z = 0 
- - - - - - 
5 


JLE 
1 
Jump if N = 1 or Z = 1 
- - - - - 
- 
5 


JH 
1 
Jump if C = 1 and Z = 0 
- - - - - 
- 
5 


JNH 
1 
Jump if C = 0 or Z = 1 
- - - - - - 
5 


JV 
1 
Jump if V = 1 
- - - - - - 
5 


JNV 
1 
Jump if V = 0 
- - - - - - 
5 


JVT 
1 
Jump if VT = 1; Clear VT 
- - - - 
0 - 
5 
JNVT 
1 
Jump if VT = 0; Clear VT 
- - - - 
0 
- 
5 


JST 
1 
Jump ifST = 1 
- - - - - 
- 
5 


JNST 
1 
Jump ifST = 0 
- - - - - 
- 
5 


JBS 
3 
Jump if Specified Bit = 1 
- - - - - - 
5,6 


JBC 
3 
Jump if Specified Bit = 0 
- - - - - 
- 
5,6 


OJNZ 
1 
0- 
0-1;ifO*Othen 
PC - 
PC + a-bit offset 
- - - - - - 
5 


OEC/OECB 
1 
0-0-1 
", 
", 
", 
", 
t 
- 
NEG/NEGB 
1 
0-0-0 
", 
", 
", 
", 
t 
- 
INC/INCB 
1 
0-0+1 
", 
", 
", 
", 
t - 
EXT 
1 
0- 
0;0 
+ 2 - 
Sign (D) 
", 
", 
0 
0 
- - 
2 
EXTB 
1 
0- 
0;0 
+ 1 - 
Sign(O) 
", 
", 
0 
0 - - 
3 
NaT/NaTB 
1 
o - 
Logical Not (D) 
", 
", 
0 
0 
- - 
CLR/CLRB 
1 
0-0 
1 
0 
0 
0 
- 
- 
SHL/SHLB/SHLL 
2 
C - 
msb-----Isb 
- 
0 
", 
? 
", 
", 
t 
- 
7 


SHRISHRB/SHRL 
2 
0- 
msb-----Isb 
- 
C 
", 
? 
", 
0 
- 
", 
7 
SHRA/SHRAB/SHRAL 
2 
msb - 
msb-----Isb 
- 
C 
", 
", 
", 
0 
- 
", 
7 


SETC 
0 
C-1 
- - 
1 - - - 
CLRC 
0 
C-O 
- - 
0 - - 
- 
CLRVT 
0 
VT - 
0 
- - - - 
0 
- 
RST 
0 
PC - 
20aOH 
0 
0 
0 
0 
0 
0 
a 
01 
0 
Disable All Interrupts (I - 
0) 
- - - - - 
- 
EI 
0 
Enable All Interrupts (I - 
1) 
- - - - - 
- 
Nap 
0 
PC-PC+1 
- - - - - 
- 
SKIP 
0 
PC-PC+2 
- - - - - 
- 
NaRML 
2 
Left shift till msb = 1; 0 - 
shift count 
", 
? 
0 - - 
- 
7 
TRAP 
0 
SP - 
SP - 
2; (SP) - 
PC 
PC - 
(2010H) 
- - - - - 
- 
9 


NOTES: 
1. If the mnemonic ends in "B", a byle operation is performed, otherwise a word operation is done. Operands D, B and A 
must conform to the alignment rules for the required operand type. D and B are locations in the Register File; A can be 
located anywhere in memory. 
5. Offset is a 2's complement number. 
6. Specified bit is one of the 2048 bit! in the register file. 
7. The "L" (Long) suffix indicates douole-word operation. 
8. Initiates a Reset by pulling ~r 
low. Software should re-initialize all the necessary registers with code starting at 


2080H. 
9. The assembler will not accept this mnemonic. 


DIRECT 
INDIRECT@ 
INDEXED@ 
IMMEDIATE 
NORMAL 
AUTO·INC. 
SHORT 
LONG 


() 
'" 
Z 
Q 
8@ 
8@ 
z 
W 
W 
W 
8", 
8", 
W 
0 
C 
Q '" 


Q '" 


Q '" 
'" 


Q '" 
-", 
'" -", 
~ 
II: 
0 
W 
W(l:1 
0 
W 
W'" 
0 
W 
Ww 
W 
Ww 
0 
W 
Ww 
W 
Ww 
W 
W 
() 
~ 
~WI 
() 
~ 
•.• 
W 
() 
~ 
~~ 
~ 
~~ 
() 
~ 
~S 
~ 
~~ 
Z 
~ 
~ 
•.• 
:::1 
~ 
:!~ ~ 
~~ 
~~ 
~ 
~~ 
~~ 
~ 
0 
0 
III "'~ 
0 
III "'~ 
0 
III 
III 
0 
III 
III 


ARITHMETIC 
INSTRUCTIONS 


ADD 
2 
64 
3 
4 
65 
4 
5 
66 
3 
6/11 
3 
7/12 
67 
4 
6/11 
5 
7/12 


ADD 
3 
44 
4 
5 
45 
5 
6 
46 
4 
7/12 
4 
8/13 
47 
5 
7/12 
6 
8/13 


ADDB 
2 
74 
3 
4 
75 
3 
4 
76 
3 
6/11 
3 
7/12 
77 
4 
6/11 
5 
7/12 


ADDB 
3 
54 
4 
5 
55 
4 
5 
56 
4 
7/12 
4 
8113 
57 
5 
7/12 
6 
8/13 


ADDC 
2 
A4 
3 
4 
A5 
4 
5 
A6 
3 
6/11 
3 
7/12 
A7 
4 
6/11 
5 
7/12 


ADDCB 
2 
B4 
3 
4 
B5 
3 
4 
B6 
3 
6/11 
3 
7/12 
B7 
4 
6/11 
5 
7/12 


SUB 
2 
68 
3 
4 
69 
4 
5 
6A 
3 
6/11 
3 
7/12 
6B 
4 
6/11 
5 
7/12 


SUB 
3 
48 
4 
5 
49 
5 
6 
4A 
4 
7/12 
4 
8113 
4B 
5 
7/12 
6 
8/13 


SUBB 
2 
78 
3 
4 
79 
3 
4 
7A 
3 
6/11 
3 
7112 
7B 
4 
6/11 
5 
7/12 


SUBB 
3 
58 
4 
5 
59 
4 
5 
5A 
4 
7/12 
4 
8/13 
5B 
5 
7/12 
6 
8/13 


SUBC 
2 
A8 
3 
4 
A9 
4 
5 
AA 
3 
6/11 
3 
7/12 
AB 
4 
6/11 
5 
7/12 


SUBCB 
2 
B8 
3 
4 
B9 
3 
4 
BA 
3 
6/11 
3 
7/12 
BB 
4 
6/11 
5 
7/12 


CMP 
2 
88 
3 
4 
89 
4 
5 
8A 
3 
6/11 
3 
7/12 
8B 
4 
6/11 
5 
7/12 


CMPB 
2 
98 
3 
4 
99 
3 
4 
9A 
3 
6/11 
3 
7/12 
9B 
4 
6/11 
5 
7/12 


MULU 
2 
6C 
3 
25 
6D 
4 
26 
6E 
3 
27/32 
~ 
28/33 
6F 
4 
27/32 
5 
28/33 


MULU 
3 
4C 
4 
26 
4D 
5 
27 
4E 
4 
28/33 
4 
29/34 
4F 
5 
28/33 
6 
29/34 


MULUB 
2 
7C 
3 
17 
7D 
3 
17 
7E 
3 
19/24 
3 
20125 
7F 
4 
19/24 
5 
20/25 


MULUB 
3 
5C 
4 
18 
5D 
4 
18 
5E 
4 
20/25 
4 
21/26 
5F 
5 
20/25 
6 
21/26 


MUL 
2 
(2) 
4 
29 
(2) 
5 
30 
(2) 
4 
31/36 
4 
32137 
(2) 
5 
31/36 
6 
32/37 


MUL 
3 
(2) 
5 
30 
(2) 
6 
31 
(2) 
5 
32/37 
5 
33/38 
~ 
6 
32137 
7 
33/38 


MULB 
2 
(2) 
4 
21 
(2) 
4 
21 
(2) 
4 
23/28 
4 
24/29 
(2) 
5 
23/28 
6 
24/29 


MULB 
3 
(2) 
5 
22 
(2) 
5 
22 
(2) 
5 
24/29 
5 
25/30 
(2) 
6 
24/29 
7 
25/30 


DlVU 
2 
8C 
3 
25 
8D 
4 
26 
8E 
3 
28/32 
3 
29/33 
8F 
4 
28/32 
5 
29/33 


DIVUB 
2 
9C 
3 
17 
9D 
3 
17 
9E 
3 
20/24 
3 
21/25 
9F 
4 
20/24 
5 
21/25 


DlV 
2 
(2) 
4 
29 
(2) 
5 
30 
(2) 
4 
32/36 
4 
33/37 
(2) 
5 
32/36 
6 
33/37 


DlVB 
2 
(2) 
4 
21 
(2) 
4 
21 
(2) 
4 
24/28 
4 
25/29 
(2) 
5 
24/28 
6 
25/29 


NOTES: 
'Long 
indexed 
and Indirect + instructons 
have identical 
opcodes 
with Short 
indexed 
and Indirect 
modes, 
respectively. 
The 
second 
byte of instructions 
using 
any Indirect 
or indexed 
addressing 
mode 
specifies 
the exact 
mode 
used. 
If the second 
byte is even, 
use Indirect 
or Short 
indoxed. 
If it is odd, use Indirect + or Long indexed. 
In all cases 
the second 
byte of the 
instruction 
always 
specifies 
an even (word) 
location 
for the address 
referenced. 


([) Number 
of state times 
shown 
for in lernall external 
operands. 
® The 
opcodes 
for signed 
multiply 
and divide 
are the 
opcodes 
for the 
unsigned 
functions 
with 
an "FE" 
appended 
as a 
prefix. 


<I) State times 
shown 
for 16-bit bus. 


inter 


INDIRECT@ 
INDEXED@ 
DIRECT 
IMMEDIATE 
NORMAL 
AUTO-INC. 
SHORT 
LONG 
~ 


(.) 
en 
Z 
Q 
w 
w 
w 
ei 
e@) 
z 
w 
een 
een 
0 
c 
Q 
(/) 
W(/) 
Q 
(/) 
Q 
(/) 
en 
Q 
(/) 
(/) 
-(/) 
~ 
0 
0 
W(/) 
0 
Ww 
Ww 
0 
Ww 
Ww 
a: 
w 
!CW 
w 
!CW 
w 
!C~ w 
!C~ 
w 
!C~ w 
!C~ 
w 
w 
(.) 
~ 
(.) 
~ 
(.) 
~ 
~ 
(.) 
~ 
~ 
Z 
Q. 
Q. 
t-'! 
Q. 
t-'~ 
Q. 
~~ 
~~ 
Q. 
~~ 
~~ 
~ 
0 
0 
m 
enI- 
0 
m 
(/)~ 
0 
m 
m 
0 
m 
m 


LOGICAL INSTRUCTIONS 


AND 
2 
60 
3 
4 
61 
4 
5 
62 
3 
6/11 
3 
7/12 
63 
4 
6/11 
5 
7/12 


AND 
3 
40 
4 
5 
41 
5 
6 
42 
4 
7/12 
4 
8/13 
43 
5 
7/12 
6 
8/13 


ANDB 
2 
70 
3 
4 
71 
3 
4 
72 
3 
6/11 
3 
7/12 
73 
4 
6/11 
5 
7/12 


ANDB 
3 
50 
4 
5 
51 
4 
5 
52 
4 
7/12 
4 
8/13 
53 
5 
7/12 
6 
8/13 


OR 
2 
80 
3 
4 
81 
4 
5 
82 
3 
6/11 
3 
7/12 
83 
4 
6/11 
5 
7/12 


ORB 
2 
90 
3 
4 
91 
3 
4 
92 
3 
6/11 
3 
7/12 
93 
4 
6/11 
5 
7/12 


XOR 
2 
84 
3 
4 
85 
4 
5 
86 
3 
6/11 
3 
7/12 
87 
4 
6/11 
5 
7/12 


XORB 
2 
94 
3 
4 
95 
3 
4 
96 
3 
6/11 
3 
7/12 
97 
4 
6/11 
5 
7/12 


DATA TRANSFER INSTRUCTIONS 


LD 
2 
AO 
3 
4 
AI 
4 
5 
A2 
3 
6/11 
3 
7/12 
A3 
4 
6/11 
5 
7/12 


LDB 
2 
BO 
3 
4 
BI 
3 
4 
B2 
3 
6/11 
3 
7/12 
B3 
4 
6/11 
5 
7/12 


ST 
2 
CO 
3 
4 
- 
- 
- 
C2 
3 
7/11 
3 
8/12 
C3 
4 
7/11 
5 
8/12 


STB 
2 
C4 
3 
4 
- 
- 
- 
C6 
3 
7/11 
3 
8/12 
C7 
4 
7/11 
5 
8/12 


LDBSE 
2 
BC 
3 
4 
BD 
3 
4 
BE 
3 
6/11 
3 
7/12 
BF 
4 
6/11 
5 
7/12 


LDBZE 
2 
AC 
3 
4 
AD 
3 
4 
AE 
3 
6/11 
3 
7/12 
AF 
4 
6/11 
5 
7/12 
STACK OPERATIONS (Internal stack) 


PUSH 
1 
C8 
2 
8 
C9 
3 
8 
CA 
2 
11115 
2 
12/16 
CB 
3 
11115 
4 
12/16 


POP 
1 
CC 
2 
12 
- 
- 
- 
CE 
2 
14/18 
2 
14/18 
CF 
3 
14/18 
4 
14/18 


PUSHF 
0 
F2 
1 
8 


POPF 
0 
F3 
1 
9 
STACK OPERATIONS (external stack) 


PUSH 
1 
C8 
2 
12 
C9 
3 
12 
CA 
2 
15/19 
2 
16/20 
CB 
3 
15/19 
4 
16/20 


POP 
I 
CC 
2 
14 
- 
- 
- 
CE 
2 
16/20 
2 
16/20 
CF 
3 
16/20 
4 
16120 


PUSHF 
0 
F2 
1 
12 


POPF 
0 
F3 
I 
13 


JUMPS AND CALLS 


MNEMONIC 
OPCODE 
B'fTES 
STATES 
MNEMONIC 
OPCODE 
BYTES 
STATES 


UMP 
E7 
3 
8 
LCALL 
EF 
3 
13/16(5) 


SJMP 
20-27@ 
2 
8 
SCALL 
28-2F@ 
2 
13/16(5) 


BR( 
J 
E3 
2 
8 
RET 
FO 
1 
12/16$ 


TRAM> 
F7 
1 
21/24 


NOTES: 
<D Number 
of state times 
shown 
for internal/external 
operands. 
® The assembler 
does not accept 
th s mnemonic. 


CD The least significant 
3 bits of the opcode 
are concatenated 
with the following 
8 bits to form an 11-bit, 
2's complement, 


offset 
for the relative 
call or jump. 
® State times 
for stack 
located 
internal/external. 


® State times 
shown 
for 16-bit bus. 


All conditional 
jumps are :~byte instructions. 
They require 8 state times if the jump is taken, 4 if it is not.(8) 


MNEMONIC 
OPCODE 
MI~EMONIC 
OPCODE 
MNEMONIC 
OPCODE 
MNEMONIC 
OPCODE 


JC 
DB 
JE 
DF 
JGE 
D6 
JGT 
D2 


JNC 
D3 
JNE 
D7 
JLT 
DE 
JLE 
DA 


JH 
D9 
JV 
DD 
JVT 
DC 
JST 
D8 


JNH 
D1 
JNV 
D5 
JNVT 
D4 
JNST 
DO 


These 
instructions 
are 3-byte instructions. 
They require 9 state times if the jump is taken, 5 if it is not.(8) 


BIT NUMBER 


MNEMONIC 
0 
1 
2 
3 
4 
5 
6 
7 


JBC 
30 
31 
32 
33 
34 
35 
36 
37 


JBS 
38 
39 
3A 
3B 
3C 
3D 
3E 
3F 


MNEMONIC 


DJNZ 


OPCClDE 


EO 


LOOP CONTROL 


BYTES 
3 


STATE 
TIMES 


5/9 STATE TIME (NOT TAKEN/TAKEN)(8) 


MNEMONIC 
OPCODE 
BYTES 
STATES(8) 
MNEMONIC 
OPCODE 
BYTES 
STATES(8) 


DEC 
05 
2 
4 
EXT 
06 
2 
4 


DECB 
15 
2 
4 
EXTB 
16 
2 
4 


NEG 
03 
2 
4 
NOT 
02 
2 
4 


NEGB 
13 
2 
4 
NOTB 
12 
2 
4 


INC 
07 
2 
4 
CLR 
01 
2 
4 


INCB 
17 
2 
4 
CLRB 
11 
2 
4 


INSTR 
WORD 
INSTR 
BYTE 
INSTR 
DBLWD 
STATE 
TIMES(8) 
MNEMONIC 
OP 
B 
MNEMONIC 
OP 
B 
MNEMONIC 
OP 
B 


SHL 
09 
3 
SHLB 
19 
3 
SHLL 
OD 
3 
7 + 1 PER SHIFT(?) 


SHR 
08 
3 
SHRB 
18 
3 
SHRL 
OC 
3 
7 + 1 PER SHIFT(?) 


SHRA 
OA 
3 
SHRAB 
lA 
3 
SHRAL 
OE 
3 
7 + 1 PER SHIFT(?) 


MNEMONIC 
OPCODE 
BYTES 
STATES(8) 
MNEMONIC 
OPCODE 
BYTES 
STATES(8) 


SETC 
F9 
1 
4 
DI 
FA 
1 
4 


CLRC 
F8 
1 
4 
EI 
FB 
1 
4 


CLRVT 
FC 
1 
4 
Nap 
FD 
1 
4 


RST(6) 
FF 
1 
166 
SKIP 
00 
2 
4 


MNEMONIC 


NORML 


B~3ES 
S_T_A_T_E_T_'M_E_S 
_ 


~ 
11 + 1 PER SHIFT 


NOTES: 
6. This 
instruction 
takes 
2 states 
to pJII RESET 
low, then 
holds 
it low for 2 states 
to initiate 
a reset. 
The 
reset 
takes 
12 
slales, 
at which 
time the program 
restarts 
at location 
2080H. 
If a capacitor 
is tied to RESET, 
the pin may take 
longer 
to go 
low and may never 
reach the VOL speGification. 
7. Execution 
will take at least 8 states, 
even for 0 shift. 


8. State times 
shown 
for 16-bit bus. 


I] 


CHANNEL I SELECTS WHICH OF THE 8 
1 
ANALOG INPUT CHANNELS IS TO 8E 
CONVERTEDTO DIGITAL FOR•••• 


~ 
GO INDICATESWHEN THE CONVERSION IS TO 
8E INITIATED(GO = 1 •••EANS START NOW. 
GO= 0 •••EANS THE CONVERSION IS TO 8E 


INITIATED 8Y THE HSO UNIT AT A SPECIFlffo~~~'51 


STATUS: 


0= AID 
CURRENlL Y IDLE 
1 "CONVERSION 
IN PROCESS 
X 


X 


AID 
RESULT: 
LEAST SIGNIFICAH 
2 BITS 


o } 
W 
1 
R 
I 
2 
T 
E 
3 


4 


81T1, BITO SPECIFY THE "'ODE 
00 ""'ODE 
0 
10 ""'ODE 
2 


01 ""'ODE1 
11 ""'ODE 
3 


PEN 
ENABLE THE PARITY FUNCTION 


REN 
ENABLES THE RECEIVEFUNCTION 


TB8 
PROGRA•••S THE 9TH DATA BIT 


TI 
IS THE TRANS•••IT INTERRUPTFLAG 


RI 
IS THE RECEIVEINTERRUPTFUG 


RB8 
IS THE 9TH DATA RECEIVED 
(IF NOT PARITY) 
RPE 
IS THE PARITY ERRORINDICATOR 
(IF PARITY ACTIVE) 


-HSI.O 
"'ODE 


-HSI.l 
"'ODE 


-HSI.2 
"'ODE 


-HSI.3"'ODE 


WHERE EACH 2 - BIT "'ODE CONl1l0L 
FIELD 
OEFINES ONE OF 4 POSSIBLE "'ODES: 


00 
8 POSITIVE TRANSITIONS 
01 
EACH POSITIVE TRAN~1TI0N 
10 
EACH NEGATIVE TRAN ilTION 
11 
EVERY TRANSITION 
(POSITIVE AND NEGATIVE) 
Using XTAll: 


Mode o· Baud - 
XTAL1 frequency . B ~ 0 
. Rate - 
4'(B + 1) 
• 


Others' 
Baud _ XTAL1 frequency 


. 
Rate 
64' (B + 1) 


Using T2CLK: 


Mode O. Baud _ T2CLK frequency . 
. Rate - 
B 
.B~O 


Othe 
. 
Baud _ T2CLK frequency . 


rs. 
Rate - 
16'B 
• B ~ 0 


Note that B cannot equal 0, except when using 
XTALl in other than Mode O. 


CHANNEL: 


0-$ 
HSO.O- HSO.$ 


BIT: 
0 
] 6 
HSO.O AND H~0.1 
7 
HSO.2 AND H~0.3 


8-B 
SOFTWARE TI•••ERS 
2 
E 
RESET TI•••ER2 . 


3 
F 
START AID 
CI)NVERSION 


4 
INTERRUPTIiiC INTERRUPT 


$ 
SETI CLEAR 


6 
TI•••ER 2/T1"'E~1 


7 
X 


HSI.O STATUS 


HSI.l 
STATUS 


HSI.2 STATUS 


HSI.3 STATUS 


WHERE FOR EACH 2 - BIT STATUS FIELD THE LOWER 
81T INDICATESWHETHEROR NOT AN EVENT HAS 
OCCUREDON THIS PIN AND THE UPPER BIT INDICATES 
THE CURRENTSTATUS OF THE PIN. 


HSI.O INPUT ENABLE/ilISABLE 


TIt.lER 2 RESET EACH WRITE 


HSI.l 
INPUT ENABLE / [lISABLE 


TIt.lER 2 EXTERNAL RESCT ENABLE / DISABLE 


HSI.2 
INPUT ENABLE/CISABLE 


TIt.lER 2 RESET SOURCE HSI.O / T2RST 


HSI.3 
INPUT ENABLE/DISABLE 


TIt.lER 2 CLOCK SOURCE HSI.l / T2CLK 


270250-54 


T2RST --0 
•.. IOCO.S 
I 


~~--_T2RESET 


• - - IOC'J.3 


••• 
IOCO.O 


HSI.O 
:>'0-----.--- 
HSI 


••• 
IOCO.2 
~'-o-------- 
HSI 


HSI.l 
~-------- 
TIt.lER2 


T2CLK --0 
:.. IOCO.7 
CLOCK 


••• 
IOCO.4 


HSI.2 --0'-0-------- 
HSI 


••• 
IOCO.6 


HSI.3 --0'-0-----.--- 
HSI 


270250-55 


1080 (15H) 


0 
HSO.O CURRENT STATE 


HSO.l 
CURRENT STATI, 


2 
HSO.2 CURRENT STATE 


3 
HSO.3 CURRENT STATI: 


4 
HSO.4 CURRENT STAn: 


5 
HSO.5 CURRENT STATE: 


6 
CAt.l QB HOLDING REGISTER IS FULL 


7 
HSO HOLDING REGISTEI~ IS FULL 


270250-56 


SELECT PWt.l / SELECT P2.S 


EXTERNAL INTERRUPT ACH7 / EXTINT 


TIt.lER 1 OVERFLOW INTERRUPT ENABLE / DISABLE 


TIt.lER 2 OVERFLOW INTERRUPT ENABLE / DISABLE 


HSO.4 OUTPUT ENABLE / DISABLE 


SELECT TXD / SELECT P2.0 


HSO.5 OUTPUT ENABLE / DISABLE 


HSI INTERRUPT 
FIFO 
FULL / 
-HO-L-D-IN-G-RE-G-IS-T-ER-L-OA-D-E-D 


Vector 
Location 
Vector 
(High 
(Low 
Priority 


Byte) 
Byte) 


Software 
2011 H 
2010H 
Not Applicable 


Extint 
200FH 
200EH 
7 (Highest) 


Serial Port 
200DH 
200CH 
6 


Software 
200BH 
200AH 
5 


Timers 
HSI.O 
2009H 
2008H 
4 


High Speed 
2007H 
2006H 
3 


Outputs 
HSI Data 
2005H 
2004H 
2 


Available 
AID Conversion 
2003H 
2002H 
1 


Complete 
Timer Overflow 
2001H 
2000H 
o (Lowest) 


SOFTWARE TIt.lER 0 EXPIRED 


SOFTWARE TIt.lER 1 EXPIRED 


SOFTWARE TIt.lER 2 EXPIRED 


SOFTWARE TIt.lER 3 EXPIRED 


TIt.lER 2 HAS OVERFLOW 


TIt.lER 1 HAS OVERFLOW 


HSI FIFO IS FULL 


HSI HOLDING REGISTER DATA AVAILABLE 


270250-58 


RESERVED(Set to 1 for 
compatibility 
with future 
ports) 


BUS WIDTH ';ELECT 
(16-BIT 
ElUS/-B--B-IT-B-U-S) 


WRITESTROl3Et,lODE SELECT 
(WR AND ilHE/WRL 
AND WRH) 


ADDRESSVALID STROBESELECT 


(ALE/ 
AD\;) 


(IRCO) }iNTERNAL READY 
(IRC1) 
CONTROLt,lODE 


(LOCO)} PR')GRAt,l LOCK 
(LOCI) 
t,lODE 


270250-59 


IRC1 
IRCO 
Dencrlptlon 


0 
0 
Limit to 1 Wait State 
0 
1 
Limit to 2 Wait States 
1 
0 
Limit to 3 Wait States 
1 
1 
Disable Internal Ready Control 


LOC1 
LOCO 
F'rotectlon 


0 
0 
Read ard Write Protected 
0 
1 
Read Protected 
1 
0 
Write Protected 
1 
1 
No Prot13ction 


PMODE 
Programm.lng 
Mode 


0-4 
Reserved 


5 
Slave Programming 


6-0BH 
Reserved 


OCH 
Auto Programming 
Mode 


ODH 
Program Configuration 
Byte 


OEH-OFH 
Reserved 


P4.7 
P4.6 
Action 


0 
0 
Word Dump 
0 
1 
Data Verify 
1 
0 
Data Program 
1 
1 
Reserved 


Device 
Signature 
Word 


879XBH 
896FH 
839XBH 
896EH 
809XBH 
Undefined 


Port 
Function 
Alternate 
Function 


P2.0 
Output 
TXD (Serial Port Transmit) 
P2.1 
Input 
RXD (Serial Port Receive) 
P2.2 
Input 
EXTINT (External 
Interrupt) 
P2.3 
Input 
T2CLK (Timer 2 Clock) 
P2.4 
Input 
T2RST (Timer 2 Reset) 
P2.5 
Output 
PWM (Pulse Width Modulation) 


10 


inter 


This chapter of the manual gives a description of each 
instruction recognized by the 8096. The instructions are 
sorted alphabetically by the mnemonic used in the as- 
sembly language for the 8096. A :mmmary of the in- 
struction set is included in Section 14 of the MCS<!>-96 
Architecture chapter. 


The instruction set descriptions in the following sec- 
tions do not always show the effect on the program 
counter (PC). Unless otherwise specified, all instruc- 
tions increment the PC by the number of bytes in the 
instruction. 


A set of acronyms are used to make the instruction set 
descriptions easier to read, their definitions are listed 
below: 


aa. A two bit field within an opcode which selects the 
basic addressing mode user. This field is only present in 
those opcodes which allow addres!. mode options. The 
encoding of the field is as follows: 


aa 
Addressln~,mode 


00 
Register dimct 


01 
Immediate 


10 
Indirect 


11 
Indexed 


The selection between indirect and indirect with auto- 
increment or between short and long indexing is done 
based on the least significant bit of the instruction byte 
which follows the opcode. This type selects the 16-bit 
register which is to take part in the address calculation. 
Since the 8096 requires that word:. be aligned on even 
byte boundaries this bit would be otherwise unused. 


breg. A byte register in the internd register file. When 
confusion could exist as to whether this field refers to a 
source or a destination register it will be prefixed with 
an "S" or a "0". 


baop. A byte operand which is addressed by any of the 
address modes discussed in Section 3.2 of the MCS-96 
Architecture chapter. 


bitno. A three bit field within an instruction op-code 
which selects one of the eight bits in a byte. 


wreg. A word register in the internal register file. When 
confusion could exist as to whether this field refers to a 
source register or a destination register it will be pre- 
fixed with an "S" or a "D". 


waop. A word operand which is addressed by any of the 
address modes discussed in Section 3.2 of the MCS-96 
Architecture chapter. 


DEA. Extra bytes of code required for the address 
mode selected. 


CEA. Extra state times (cycles) required for the address 
mode selected. 


Flag Settings. The modification to the flag setting is 
shown for each instruction. A checkmark ("') means 
that the flag is set or cleared as appropriate. A hyphen 
means that the flag is not modified. A one or zero (I) or 
(0) indicates that the flag will be in that state after the 
instruction. An up arrow (t) indicates that the in- 
struction may set the flag if it is appropriate but will 
not clear the flag. A down arrow ( ..1- ) indicates that the 
flag can be cleared but not set by the instruction. A 
question mark (?) indicates that the flag will be left in 
an indeterminant state after the operation. 


Generic 
Jumps 
and Calls. 
The 
assembler 
for the 
MCS-96 family provides for generic jumps and calls. 
For all of the conditional jump instructions a "B" can 
be substituted for the "J" and the assembler will gener- 
ate a code sequence which is logically equivalent but 
can reach anywhere in the memory. A JH can only 
jump about 128 locations from the current program 
counter; a DH can jump anywhere in memory. In a like 
manner a DR will cause a SJMP or UMP 
to be gener- 
ated as appropriate and a CALL will cause a SCALL 
or LCALL to be generated. The assembler user's guide 
should be consulted for the algorithms used by the as- 
sembler to convert these generic instructions into actual 
machine instructions. 


Indirect Shifts. The indirect shift operations use regis- 
ters 24 through 255 (18H-OFFH), 
since 0-15 are di- 
rect operators and registers 16 through 23 are Special 
Function Registers. Note that indirect shifts through 
SFRs are illegal operations. 


The maximum shift count is 31 (IFH). 
Count values 


above this will be truncated to the 5 least significant 
bits. 


inter 


Operation: 
The sum of the two word operands is stored into the destination (leftmost) 
operand. 


(DEST) - 
(DEST) + (SAC) 


Assembly Language Format: 
ADD 
DST 
SAC 
wreg, 
waop 


Object Code Format: 
[ 
011001aa 
1 [ 
waop 
1 [ 
wreg 
1 


Bytes: 
2 + BEA 
States: 4 + CEA 


Operation: 
The Sum of the second and third word operands is stored into the destination 
(leftmost) operand. 


(DEST) - 
(SAC1) + (SAC2) 


Assembly Language Format: 
ADD 
DST 
SAC1 
SAC2 
Dwreg, Swreg, 
waop 


Object Code Format: 
[ 
010001aa 
1 [ 
waop 
1 [ 
Swreg 
1 [ 
Dwreg 
1 


E:ytes: 3 + BEA 
States: 5 + CEA 


inter 


Operation: 
The sum of the two byte operands is stored into the destination (leftmost) 
operand. 


(DEST) - 
(OESn + (SRC) 


Assembly 
Language 
Format: 
ADOB 
OST 
breg, 
SRC 
baop 


Object Code Format: 
[ 
011101aa l[ baop l[ breg l 


Bytes 
2 + BEA 
S'tates: 4 + CEA 


Operation: 
The sum of the second and third byte operands is stored into the destination 
(IElftmost)operand. 


(0ESn 
- 
(SRC1) + (SRC2) 


Assembly 
Language 
Format: 
ADOB 
OST 
SRC1 
SRC2 
Obreg, 
Sbreg, 
baop 


Object Code Format: 
[ 
010101aa l[ baop l[ Sbreg l[ Obreg l 


Blltes: 
3 + BEA 
States 
5 + CEA 


Operation: 
Tile sum of the two word operands and the carry flag (0 or 1) is stored into the 
dl~stination(leftmost) operand. 
([lEST) .- 
(DEST) + (SRC) + C 


Assembly 
Language 
Format: 
ADDC 
DST 
SRC 
wreg, 
waop 


Object Code Format: 
[ 
101001aa l[ waop l[ wreg l 


Bytes: 
2 + BEA 
States: 
4 + BEA 


~~ 
ST 


Operation: 
The sum of the two byte operands and the carry flag (0 or 1) is stored into the 
dElstination(leftmost) operand. 
(DEST) .- 
(DEST) + (SRC) + C 


Assembly 
Language 
Format: 
DST 
SRC 
ADDCB 
breg, 
baop 


Object Code Format: 
[ 
101101aa l [ baop l[ breg l 


B)rtes: 
2 + BEA 
States: 
4 + CEA 


~~ 
ST 


Operation: 
The two word 
operands 
are ANDed, 
the result 
having 
a 1 only in those 
bit 


oositions 
where 
both operands 
had a 1, with zeroes 
in all other bit positions. 


The result is stored 
into the destination 
(leftmost) 
operand. 


[DEST) +- 
(DEST) AND (SRC) 


DST 
wreg, 


SRC 
waop 


Object Code Format: 
[ 
011000aa 
I[ waop I[ wreg I 


Bytes: 
2 + BEA 
States 
4 + CEA 


Operation: 
The second 
and third word operands 
are ANDed, the result having a 1 only in 
those 
bit positions 
where 
both operands 
had a 1, with zeroes 
in all other 
bit 


positions. 
The result is stored 
into the destination 
(leftmost) 
operand. 


(DEST) +- (SRC1) AND (SRC2) 


Assembly 
Language 
Format: 


AND 
DST 
SRC1 
SRC2 
Dwreg, 
Swreg, 
waop 


Object Code Format: 
I: 
010000aa 
I[ waop I[ Swreg I[ Dwreg I 


13ytes: 
3 + SEA 
States: 
5 + CEA 


inter 


Operation: 
The two byte operands are ANDed, the result having a 1 only in those bit 
positions where both operands had a 1, with zeroes in all other bit positions. 
The result is stored into the destination (leftmost) operand. 
(DEST) +- (DEST) AND (SRC) 


Assembly 
Language 
Format: 
AN DB 
DST 
SRC 
breg, 
baop 


Object Code Format: 
[ 
011100aa I[ baop I[ breg I 


Bytes: 
2 + BEA 
States: 
4 + CEA 


Operation: 
The second and third byte operands are ANDed, the result having a 1 only in 
lhose bit positions where both operands had a 1, with zeroes in all other bit 
positions. The result is stored into the destination (leftmost) operand. 
(DEST) +- (SRC1) AND (SRC2) 


Assembly 
Language 
Format: 


AN DB 
DST 
SRC1 
SRC2 
Dbreg, 
Sbreg, 
baop 


Object Code Format: 
[ 
010100aa I[ baop I[ Sbreg I[ Dbreg 
] 


Bytes: 
3 + BEA 
States: 
5 + CEA 
b 
ST 


Operation: 
The execution 
continues 
at the address 
specified 
in the operand 
word regis- 
ter. 


PC 
- 
(DEST) 


Object Code Format: 
[ 
11100011 
I[ wreg I 


Blrtes: 
2 
States: 
8 


OperatIon: 
The value of the word operand 
is set to zero. 


(D!:ST) 
- 
0 


Bytes: 
Stlltes: 


Operation: 
The value of the byte operand 
is set to zero. 


(DEST) 
- 
0 


Object Code Format: 
[ 
00010001 
1 [ 
breg 
1 


Bytes: 
2 
States: 
4 


Operation: 
The value of the carry flag is set to zero. 


C - 
0 


Object Code Format: 
[ 
11111000 


Bytes: 
1 
States: 
4 


Operation: 
The value of the overflow-trap 
flag is set to zero. 
'IT +- 0 


3ytes: 
1 


.States: 
4 


Operation: 
The source 
(rightmost) 
word operand 
is subtracted 
from the destination 
(left- 


most) word operand. 
The flags are altered 
but the operands 
remain 
unaffect- 


od. The carry flag is set as complement 
of borrow. 


IDEST) - 
(SRC) 


DST 
wreg, 


SRC 
waop 


Object Code Format: 
[ 
10001 Oaa 
1 [ 
waop 
1 [ 
wreg 
1 


l3ytes: 
2 + SEA 


States: 
4 + CEA 


inter 


Operation: 
The source 
(rightmost) 
byte operand 
is subtracted 
from the destination 
(left- 


most) byte operand. 
The flags are altered but the operands 
remain unaffected. 


The carry flag is set as complement 
of borrow. 


(DEST) - 
(SRC) 


DST 
SRC 
breg, 
baop 


ObJect Code Format: 
[ 
10011 Oaa 
1 [ 
baop 
1 [ 
breg 
1 


Bytes: 
2 + BEA 
States: 
4 + CEA 


Operation: 
The value of the word operand 
is decremented 
by one. 


(DEST) 
+- 
(DEST) - 
1 


ObJect Code Format: r 
00000101 
1 [ 
wreg 
1 


Bytes: 
2 
States: 
4 


Operation: 
The value of the byte operand is decremented by one. 


(DEST) - 
(DEST) - 
1 


Object Code Format: 
[ 
00010101 
] [ 
breg 
] 


Bytes: 
2 
States: 
4 


Operation: 
Interrupts are disabled. Interrupt-calls will not occur after this instruction. 


In'terruptEnable (PSW.9) - 
0 


Object Code Format: 
[ 
11111010 


Bytes: 
1 
States: 
4 


Operat.lon: 
This instruction 
divides the contents 
of the destination 
LONG·INTEGER 
oper· 


and by the contents 
of the INTEGER 
word operand. 
using signed 
arithmetic. 


The low order word of the destination 
(Le., the word with the lower address) 


will contain 
the quotient; 
the high order word will contain 
the remainder. 


(low word DEST) 
- 
(DEST) / (SRC) 
(high word DEST) 
- 
(DEST) MOD (SRC) 
The above two statements 
are performed 
concurrently. 


DST 
Ireg, 


SRC 
waop 


Object 
Code 
Form,it: 
[ 
11111110 
1 [ 
100011 aa 
1 [ 
waop 
1 [ 
Ireq 


Bytes: 
2 + BEA 
States: 
29 + CEA 


Operation: 
This instruction 
divides the contents 
of the destination 
INTEGER 
operand 
by 


the contents 
of the source 
SHORT·INTEGER 
operand, 
using signed arithme· 


tic. The low order byte of the destination 
(Le. the byte with the lower address) 


will contain 
the quotient; 
the high order byte will contain 
the remainder. 


(low byte DEST) 
- 
(DEST) / (SRC) 
(high byte DEST) 
- 
(DEST) MOD (SRC) 
The above two statements 
are performed 
concurrently. 


DST 
SRC 
wreg, 
baop 


Object 
Code 
Format: 
[ 
11111110 
1 [ 
100111aa 
1 [ 
baop 
1 [ 
wreg 
1 


Bytes: 
2 + BEA 
States: 
21 + CEA 


inter 


Operation: 
This instruction 
divides the content 
of the destination 
DOUBLE-WORD 
oper- 


and by the contents 
of the source WORD operand, 
using unsigned 
arithmetic. 


The low order word will contain the quotient; 
the high order WORD will contain 


the remainder. 


(low word DEST) 
-- 
(DEST) / (SRC) 
(high word DEST) 
-- 
(DEST) MOD (SRC) 
The above two statements 
are performed 
concurrently. 


DST 
Ireg, 


SRC 
waop 


Object Code Format: 
[ 
100011 aa 
1 [ 
waop 
1 [ 
Ireq 
1 


Eiytes: 
2 + BEA 
States: 
25 + CEA 
k 
5T 


Operation: 
This instruction 
divides the contents 
of the destination 
WORD operand 
by the 


Cl)ntents 
of the source 
BYTE 
operand, 
using 
unsigned 
arithmetic. 
The 
low 


order byte of the destination, 
(Le., the byte with the lower address) 
will contain 


ttle quotient; 
the high order byte will contain 
the remainder. 


(Il)w byte DEST) 
-- 
(DEST) / (SRC) 
(tligh byte DEST) 
-- 
(DEST) MOD (SRC) 
TI1e above two statements 
are performed 
concurrently. 


DST 
wreg, 


SRC 
baop 


Object Code Format: 
[ 
100111 aa 
1 [ 
baop 
1 [ 
wreg 
1 


Bytes: 
2 + BEA 
States: 
17 + CEA 


intJ 


Operation: 
The value of the byte operand is decremented by 1. If the result is not equal to 
0, the distance from the end of this instruction to the target label is added to 
the program counter, effecting the jump. The offset from the end of this in- 
struction to the target label must be in the range of -128 
to + 127. If the 


rt3sult of the decrement is zero then control passes to the next sequential 
instruction. 
(COUNT) ~ 
(COUNT) - 
1 
if (COUNT) < > 0 then 
PC ~ 
PC + disp (sign-extended to 16 bits) 
end_if 


Elytes: 
States: 


3 
Jump Not Taken: 
5 
Jump Taken: 
9 


Operation: 
Interrupts are enabled following the execution of the next statement. Interrupt- 
calls cannot occur immediately following this instruction. 
Interrupt Enable (PSW.9) ~ 
1 


Object Code Format: 
[ 
11111011 


Bytes: 
1 
States: 
4 
k 
ST 


inter 


Operatlon~ 
Tile low order word of the operand 
is sign-extended 
throughout 
the high order 
word of the operand. 


if (low word DEST) < 8000H then 
(high word DEST) +- 0 
el:3e 
(high word DEST) +- OFFFFH 
end_if 


Bl(teS: 
2 
States: 
4 


~ 
5T 


Operation: 
Tile low order byte of the operand 
is sign-extended 
throughout 
the high order 
b)te 
of the operand. 


if (low byte DEST) < 80H then 
(high byte DEST) +- 0 
el:se 
(high byte DEST) +- OFFH 
end_if 


Object Code Format: 
[ 
00010110 
I[ 
wreg I 


Blltes: 
2 
States: 
4 
b~ 
5T 


Operation: 
The value of the word operand is incremented by 1. 


(DEST) - 
(DEST) + 1 


Object Code Format: 
[ 
00000111 
1 [ 
wreg 
1 


Bytes: 
2 
States: 
4 


Operation: 
The value of the byte operand is incremented by 1. 


(DEST) - 
(DEST) + 1 


Object Code Format: 
[ 
00010111 
1 [ 
breg 
1 


Bytes: 
2 
States: 
4 


Operation: 
The specified 
bit is tested. 
If it is clear (Le., 0), the distance 
from the end of this 


instruction 
to the target 
label is added to the program 
counter, 
effecting 
the 


jump. The offset from the end of this instruction 
to the target 
label must be in 


the range of -128 
to + 127. If the bit is set (Le., 1), control 
passes to the next 


sequential 
instruction. 


if (specified 
bit) = 0 then 
PC +- PC + disp (sign-extened 
to 16 bits) 


Object Code Format: 
[ 
00110bbb 
I [ 
breg 
I [ disp 
I 
where 
bbb is the bit number within the specified 
register. 


Bytes: 
States: 


3 
Jump Not Taken: 
5 
Jump Taken: 
9 


inter 


Operation: 
The specified bit is tested. If it is set (i.e., 1), the distance from the end of this 
instruction to the target label is added to the program counter, effecting the 
jump. The offset from the end of this instruction to the target label must be in 
the range of -128 
to + 127. If the bit is clear (i.e., 0), control passes to the 


next sequential instruction. 
if (specified bit) = 1 then 
PC - 
PC + disp (sign-extended to 16 bits) 


Object Code Format: 
[ 
00111bbb 
)[ 
breg 
1 [ 
disp 
1 
where bbb is the bit number within the specified register. 


Bytes: 
States: 


3 
Jump Not Taken: 
5 
Jump Taken: 
9 


Operation: 
If the carry flag is set (i.e., 1), the distance from the end of this instruction to 
the target label is added to the program counter, effecting the jump. The offset 
from the end of this instruction to the target label must be in the range of 
--128 to + 127. If the carry flag is clear (i.e., 0), control passes to the next 
sequential instruction. 
if C = 1 then 
PC - 
PC + disp (sign-extended to 16 bits) 


Bytes: 
States: 


2 
Jump Not Taken: 
4 
Jump Taken: 
8 


inter 


Operation: 
Ifthe zero flag is set (i.e., 1), the distance from the end of this instruction to the 
target label is added to the program counter, effecting the jump. The offset 
from the end of this instruction to the target label must be in the range of 
·-128 to +127. If the zero flag is clear (i.e., 0), control passes to the next 
liequential instruction. 
if Z = 1 then 
PC +- PC + disp (sign-extended to 16 bits) 


3ytes: 
.States: 
2 
Jump Not Taken: 
4 
Jump Taken: 
8 


Operation: 
If the negative flag is clear (i.e., 0), the distance from the end of this instruction 
to the target label is added to the program counter, effecting the jump. The 
offset from the end of this instruction to the target label must be in the range 
of -128 to + 127. If the negative flag is set (i.e., 1),control passes to the next 
sequential instruction. 
if N = 1 then 
PC +- PC + disp (sign-extended to 16 bits) 


Bytes: 
States: 


2 
Jump Not Taken: 
4 
Jump Taken: 
8 


Operath)n: 
If both the negative 
flag and the zero flag are clear (Le., 0), the distance 
from 


the end of this instruction 
to the target 
label is added to the program 
counter, 


effecting 
the jump. 
The offset 
from 
the end of this instruction 
to the target 


label must be in the range of - 128 to + 127. If either the negative 
flag or the 


zero flag are set (Le., 1,) control 
passes 
to the next sequential 
instruction. 


if N = 0 AND Z = 0 then 
PC 
-- 
PC + disp (sign-extended 
to 16 bits) 


Bytes: 
States: 


2 
Jump Not Taken: 
4 
Jump Taken: 
8 


Operation: 
If the carry flag is set (Le., 1), but the zero flag is not, the distance 
from the end 


of this instruction 
to the target label is added to the program 
counter, 
effecting 


the jump. The offset from the end of this instruction 
to the target label must be 


in the range of -128 
to + 127. If either the carry flag is clear or the zero flag is 


set, control 
passes 
to the next sequential 
instruction. 


if C = 1 AND Z = 0 then 
PC 
-- 
PC + disp (sign-extended 
to 16 bits) 


Bytes: 
States: 


2 
Jump Not Taken: 
4 
Jump Taken: 
8 


inter 


Operation: 
If either the negative flag or the zero flag are set (i.e., 1), the distance from the 
end of this instruction to the target label is added to the program counter, 
e1fecting the jump. The offset from the end of this instruction to the target 
label must be in the range of -128 to + 127. If both the negative flag and the 
zoro flag are clear (i.e., 0), control passes to the next sequential instruction. 
if N = 1 OR Z = 1 then 
PC +- PC + disp (sign-extended to 16 bits) 


Bl'tes: 
S'lates: 


2 
Jump Not Taken: 
4 
Jump Taken: 
8 


Operation: 
If ·thenegative flag is set (i.e., 1), the distance from the end of this instruction 
to the target label is added to the program counter, effecting the jump. The 
01l'setfrom the end of this instruction to the target label must be in the range 
of -128 to + 127. If the negative flag is clear (i.e., 0), control passes to the 
next sequential instruction. 
if /II = 1 then 
PC +- PC + disp (sign-extended to 16 bits) 


Bytes: 
States: 


2 
Jump Not Taken: 
4 
Jump Taken: 
8 


Operation: 
If the carry flag is clear (i.e., 0), the distance from the end of this instruction to 
the target label is added to the program counter, effecting the jump. The offset 
from the end of this instruction to the target label must be in the range of 
-·28 
to + 127. If the carry flag is set (Le., 1), control passes to the next 


sequential instruction. 
ifC = o then 
PC - 
PC + disp (sign-extended to 16 bits) 


B)tes: 
States: 
2 
Jump Not Taken: 
4 
Jump Taken: 
8 


Operation: 
If the zero flag is clear (Le.,0), the distance from the end of this instruction to 
the target label is added to the program counter, effecting the jump. The offset 
from the end of this instruction to the target label must be in the range of 
-128 
to + 127. If the zero flag is set (Le., 1), control passes to the next 


soquential instruction. 
if Z = 0 then 
PC - 
PC + disp (sign-extended to 16 bits) 


Bytes: 
States: 


2 
Jump Not Taken: 
4 
Jump Taken: 
8 


inter 


Operation: 
If either 
the 
carry flag 
is clear 
(Le., 0), or the zero flag 
is set (Le., 1), the 


distance 
from the end of this instruction 
to the target label is added to program 


<:ounter, effecting 
the jump. The offset 
from the end of this instruction 
to the 


target label must be in the range of -128 
to + 127. If the carry flag is set (Le., 


"I) and the zero flag is not, control 
passes 
to the next sequential 
instruction. 


if C = 0 OR Z = 1 then 
PC 
~ 
PC + disp (sign-extended 
to 16 bits) 


13ytes: 
States: 
2 
Jump Not Taken: 
4 
Jump Taken: 
8 


Operation: 
If the sticky bit flag is clear (Le., 0), the distance 
from the end of this instruction 


to the target 
label is added 
to the program 
counter, 
effecting 
the jump. The 


offset from the end of this instruction 
to the target 
label must be in the range 


of -128 
to + 127. If the sticky bit flag is set (Le., 1),control 
passes to the next 


nequential 
instruction. 


if ST = 0 then 
PC 
~ 
PC + disp (sign-extended 
to 16 bits) 


l3ytes: 
States: 


2 
Jump Not Taken: 
4 
Jump Taken: 
8 


Operation: 
If the overflow flag is clear (Le.,0), the distance from the end of this instruction 
to the target label is added to the program counter, effecting the jump. The 
offset from the end of this instruction to the target label must be in the range 
of -128 
to +127. If the overflow flag is set (Le., 1), control passes to next 


sequential instruction. 
i'l V = 0 then 
PC .- 
PC + disp (sign-extended to 16 bits) 


Bytes: 
States: 


2 
Jump Not Taken: 
4 
Jump Taken: 
8 


Operation: 
If the overflow trap flag is clear (Le., 0), the distance from the end of this 
ir struction to the target label is added to the program counter, effecting the 
jump. The offset from the end of this instruction to the target label must be in 
the range of -128 
to + 127. If the overflow trap flag is set (Le., 1), control 


passes to the next sequential instruction. The VT flag is cleared. 
if VT = 0 then 
PC .- 
PC + disp (sign-extended to 16 bits) 


Bytes: 
States: 


2 
Jump Not Taken: 
4 
Jumps Taken: 
8 


inter 


Operation: 
If the sticky bit flag is set (Le., 1), the distance from the end of this instruction 
to the target label is added to the program counter, effecting the jump. The 
o11'setfrom the end of this instruction to the target label must be in the range 
of -128 
to + 127. If the sticky bit flag is clear (Le., 0), control passes to the 


next sequential instruction. 
if ST = 1 then 
PC +- PC + disp (sign-extended to 16 bits) 


B)1es: 
2 
St.ate: 
Jump Not Taken: 
4 
Jump Taken: 
8 


Operation: 
If tl1eoverflow is set (Le., 1), the distance from the end of this instruction to the 
tar'Ojetlabel is added to the program counter, effecting the jump. The offset 
from the end of this instruction to the target label must be in the range of 
- ·128to + 127. If the overflow flag is clear (Le.,0), control passes to the next 
sequential instruction. 
if V = 1 then 
PC +- PC + disp (sign-extended to 16 bits) 


Bytes: 
States: 


2 
Jump Not Taken: 
4 
Jump Taken: 
8 


inter 


Operation: 
If the overflow trap flag is set (Le., 1), the distance from the end of this instruc- 
tion to the target label is added to the program counter, effecting the jump. 
The offset from the end of this instruction to the target label must be in the 
range of -128 
to + 127. If the overflow trap flag is clear (Le., 0), control 


passes to the next sequential instruction. The VT flag is cleared. 
if VT = 1 then 
PC .- 
PC + disp (sign-extended to 16 bits) 


Bytes: 
States: 


2 
Jump Not Taken: 
4 


Jump Taken: 
8 


Operation: 
The contents of the program counter (the return address) is pushed onto the 
stack. Then the distance from the end of this instruction to the target label is 
added to the program counter, effecting the call. The operand may be any 
address in the entire address space. 
SP .- 
SP - 
2 
(SP) .- 
PC 
PC .- 
PC + disp 


Bytes: 
States: 
Onchip stack: 
Offchip stack: 


Operation: 
Tte 
value of the source (rightmost) 
word operand 
is stored into the destination 
(leftmost) 
operand. 


(DEST) +- (SRC) 


Assembly 
Language 
Format: 
LD 
DST 
SRC 
wreg, 
waop 


Object Code Format: 
[ 
101000aa 
1 [ 
waop 
1 [ 
wreg 
1 


B)1es: 
2 + BEA 
States: 
4 + CEA 


~z 
ST 


Operation: 
The value of the source (rightmost) 
byte operand 
is stored into the destination 
(Ie'ftmost) operand. 


(DEST) +- (SRC) 


DST 
SRC 
breg, 
baop 


Object Code Format: 
[ 
1011 OOaa 
1 [ 
baop 
1 [ 
breg 
1 


Bytes: 
2 + BEA 
States: 
4 + CEA 


Operation: 
The value of the source 
(rightmost) 
byte operand 
is sign-extended 
and stored 
into the destination 
(leftmost) 
word operand. 


(low byte DEST) +- (SAC) 
if (SAC) < 80H then 
(high byte DESn 
+- 0 
else 
(high byte DESn 
+- OFFH 
end_if 


DST 
wreg, 
SAC 
baop 


Object Code Format: 
[ 
101111 aa 
1 [ 
baop 
1 [ 
wreg 
1 


Bytes: 
2 + BEA 
States: 
4 + CEA 


Operation: 
Tile value of the source 
(rightmost) 
byte operand 
is zero-extended 
and stored 


into the destination 
(leftmost) 
word operand. 


(low byte DEST) +- (SAC) 
(high byte DEST) +- 0 


DST 
wreg, 
SAC 
baop 


Object Code Format: 
[ 
101011aa 
1 [ 
baop 
1 [ 
wreg 
1 


Bytes: 
2 + BEA 
Slates: 
4 + CEA 


~ ~ 
ST 


Operation: 
The distance 
from the end of this instruction 
to the target label is added to the 


program 
counter, 
effecting 
the jump. The operand 
may be any address 
in the 


entire address 
space. 


PC +- PC + disp 


Elytes: 
3 
States: 
8 
l~ 


ST 


Operation: 
The two INTEGER 
operands 
are multiplied 
using signed arithmetic 
and the 32- 


bit result 
is stored 
into the destination 
(leftmost) 
LONG-INTEGER 
operand. 


The sticky bit flag is undefined 
after the instruction 
is executed. 


(IJEST) +- (DEST) 
• (SRC) 


DST 
Ireg, 


SRC 
waop 


Elytes: 
States 
3 + SEA 
29 + CEA 


inter 


Operation: 
The second and third INTEGER operands are multiplied using signed arithme- 
tic and the 32-bit result is stored into the destination (leftmost) LONG INTE- 
GER operand. The sticky bit flag is undefined after the instruction is executed. 
(DEST) +- (SRC1) • (SRC2) 


DST 
SRC1 
Ireg, 
wreg, 
SRC2 
waop 


Object Code Format: 
[ 
11111110 
1 [ 
010011aa 
1 [ 
waop 
1 [ 
wreg 
1 [ 
Ireg 
1 


Bytes: 
4 + BEA 
States: 
30 + CEA 


Operation: 
The two SHORT-INTEGER operands are multiplied using signed arithmetic 
and the 16-bit result is stored into the destination (leftmost) INTEGER oper- 
and. The sticky bit flag is undefined after the instruction is executed. 
(DEST) +- (DEST)' 
(SRC) 


DST 
SRC 
wreg, 
baop 


Bytes: 
States: 


3 + BEA 
21"+ CEA 


inter 


Operation: 
The second and third SHORT·INTEGER operands are multiplied using signed' 
arithmetic and the 16·bit result is stored into the destination (leftmost) INTE- 
GER operand. The sticky bit flag is undefined after the instruction is executed. 
(DEST) +- (SRC1)· (SRC2) 


DST 
SRC1 
wreg, 
breg 
SRC2 
baop 


Object Code Format: 
[ 
11111110 
1 [ 
010111aa 
1 [ 
baop 
1 [ 
breg 
1 [ 
wreg 
1 


Bytes: 
4 + BEA 
States: 
22 + CEA 


Z 
ST 


? 


Operation: 
The two WORD operands are multiplied using unsigned arithmetic and the 32- 
bit result is stored into the destination (leftmost) DOUBLE·WORD operand. 
The sticky bit flag is undefined after the instruction is executed. 
(DEST) +- (DEST)· 
(SRC) 


DST 
SRC 
Ireg, 
waop 


Object Code Format: 
[ 
011011aa 
1 [ 
waop 
1 [ 
Ireg 
1 


Bytes: 
2 + BEA 
States: 
25 + CEA 


Z 
ST 


? 


Operation: 
The second 
and third WORD operands 
are multiplied 
using unsigned 
arithme- 
ti:: and 
the 
32-bit 
result 
is stored 
into the 
destination 
(leftmost) 
DOUBLE- 
WORD operand. 
The sticky bit flag is undefined 
after the instruction 
is execut- 
ed. 


(DEST) 
~ 
(SRC1)' 
(SRC2) 


Assembly 
Language 
Format: 
DST 
SRC1 
SRC2 
~ULU 
Ireg, 
wreg, 
waop 


Object Code Format: 
[ 
010011aa 
I[ waop 
I[ wreg I[ 
Ireg I 


Bytes: 
3 + BEA 
States: 
26 + CEA 


~~ 


ST 


? 


Operation: 
Tl"e two 
BYTE 
operands 
are multiplied 
using 
unsigned 
arithmetic 
and 
the 
WORD 
result is stored 
into the destination 
(leftmost) 
operand. 
The sticky 
bit 
flag is undefined 
after the instruction 
is executed. 


(DEST) 
~ 
(DEST)' 
(SRC) 


Assembly 
Language 
Format: 
DST 
SRC 
MLJLUB 
wreg, 
baop 


Bytes: 
States: 
2 + BEA 
17 + CEA 


~- 


Operation: 
The second and third BYTE operands 
are multiplied 
using unsigned 
arithmetic 
and the WORD 
result 
is stored 
into the destination 
(leftmost) 
operand. 
The 
sticky bit flag is undefined 
after the instruction 
is executed. 


(DEST) +- (SRC1)' 
(SRC2) 


Assembly 
Language 
Format: 
DST 
SRC1 
SRC2 
MULUB 
wreg, 
breg, 
baop 


Object Code Format: 
[ 
010111aa 
I[ baop I[ breg I[ wreg I 


Bytes: 
3 + BEA 
~aates: 
18 + CEA 
l~ 


ST 


? 


Operation: 
The value of the INTEGER 
operand 
is negated. 


PEST) 
+- 
- (DEST) 


Object Code Format: 
[ 
00000011 
I[ wreg I 


Bytes: 
2 
States: 
4 
b 
5r 


inter 


Operation: 
The value of the SHORT·INTEGER operand is negated. 


(DEST) - 
- (DEST) 


Object Code Format: 
[ 
00010011 
1 [ 
breg 
1 


Bytes: 
2 
States: 
4 


Object Code Format: 
[ 
11111101 


Bytes: 
1 
States: 
4 


Operation: 
The LONG-INTEGER 
operand 
is normalized; 
Le., it is shifted to the left until its 


most significant 
bit is 1. If the most significant 
bit is still 0 after 31 shifts, the 


process 
stops and the zero flag is set. The number of shifts actually performed 
is stored 
in the second 
operand. 


(COUNT) 
- 
0 
do while (MSB(DEST) 
= 0) AND ((COUNT) 
< 31) 
(DEST) 
- 
(DEST) 
• 2 
(COUNT) 
- 
(COUNT) + 1 
ond_while 


Object Code Format: 
: 
00001111 
J [ 
breg 
J [ 
Ireg 
J 


Bytes: 
3 
States: 
11 + No. of shifts performed 


Operation: 
The value of the WORD operand 
is complemented: 
each 1 is replaced 
with a 


0, and each 0 with a 1. 


(DEST) 
- 
NOT (DEST) 


Object Code Format: 
[ 
00000010 
J [ 
wreg 
J 


Bytes 
2 
States: 
4 


Operation: 
The vaule of the BYTE operand 
is complemented: 
each 1 is replaced 
with a 0, 


and each 0 with a 1. 


(DEST) 
- 
NOT (DEST) 


Object Code Format: 
[ 
00010010 
1 [ 
breg 
1 


Bytes: 
2 
States: 
4 


Operation: 
The source 
(rightmost) 
WORD is ORed with the destination 
(leftmost) 
WORD 


'Jperand. 
Each 
bit is set to 
1 if the 
corresponding 
bit in either 
the 
source 


operand 
or the destination 
operand 
is 1. The result replaces 
the original desti- 


nation operand. 


(DEST) 
- 
(DEST) OR (SRC) 


Assembly 
Language 
Format: 
OR 
DST 
wreg, 
SRC 
waop 


Object Code Format: 
[ 
100000aa 
1 [waop 
1 [ 
wreg 
1 


Bytes: 
2 + BEA 
States: 
4 + CEA 
b 
sr 


inter 


Operation: 
The source 
(rightmost) 
BYTE operand 
is ORed with the destination 
(leftmost) 


BYTE operand. 
Each bit is set to 1 if the corresponding 
bit in either the source 


operand 
or the destination 
operand 
was 
1. The 
result 
replaces 
the original 


destination 
operand. 


(DEST) 
..- 
(DEST) OR (SRC) 


Object Code Format: 
[ 
1001 OOaa 
1 [ 
baop 
1 [ 
breg 
1 


Bytes: 
2 + BEA 
States: 
4 + CEA 
b 
ST 


Operation: 
The word on top of the stack is popped 
and placed at the destination 
operand. 


(DEST) 
..- 
(SP) 
SP 
..- 
SP + 2 


Object Code Format: 
[ 
110011 aa 
1 [ 
waop 


Bytes 
States: 
On chip Stack: 
Offchip Stack: 


1 + BEA 
12 + CEA 
14 + CEA 


inter 


Operation: 
The word on top of the stack is popped 
and placed in the PSW. Interrupt 
calls 


cannot 
occur immediately 
following 
this instruction. 


(PSW) 
- 
(SP) 
SP 
- 
SP + 2 


Object Code Format: 
[ 
11110011 


Bytes: 
States: 
Onchip Stack: 
Offchip 
Stack: 


Operation: 
The specified 
operand 
is pushed 
onto the stack. 
sp - 
SP - 
2 


I(SP) - 
(DEST) 


Object Code Format: 
I: 
11001Oaa I[ waop 


13ytes: 
States: 
Onchip Stack: 
Offchip 
Stack: 


1 + BEA 
8 + CEA 
12 + CEA 


inter 


OperatIon: 
The PSW is pushed on top of the stack, and then set to all zeroes. This implies 
that all interrupts 
are disabled. 
Interrupt-calls 
cannot 
occur immediately 
follow- 


in!~ this instruction. 


SP +- SP - 
2 
(SP) +- PSW 
PSW +- 0 


B'Ites: 
Siates: 
Onchip Stack: 
Offchip 
Stack: 


Operation: 
Ttle PC is popped 
off the top of the stack. 


PC +- (SP) 
SF' +- SP + 2 


B}1es: 
States: 
Onchip Stack: 
Offchip 
Stack: 


Operation: 
The 
PSW is initialized 
to zero, 
and the PC is initialized 
to 2080H. 
The 
I/O 


registers 
are set to their initial value. 
Executing 
this instruction 
will cause 
a 


pulse to appear on the reset pin of the 8096. 


PSW +- 0 
PC +- 2080H 


Object Code Format: 
[ 
11111111 


Bytes: 
1 
States: 
16 


Z 
ST 


o 
0 


Operation: 
The contents 
of the program 
counter 
(the return address) 
is pushed 
onto the 


stack. Then the distance 
from the end of this instruction 
to the target 
label is 


added 
to the program 
counter, 
effecting 
the call. The offset 
from the end of 


this instruction 
to the target 
label must be in the range of -1024 
to + 1023 


inclusive. 


SP +- SP - 
2 
(SP) +- PC 
PC +- PC + disp (sign-extended 
to 16 bits) 


Object Code Format: 
[ 
00101xxx 
] [ 
disp-Iow 
] 


where xxx holds the three high-order 
bits of displacement. 


Bytes: 
States 
Onchip 
Stack: 


Offchip 
Stack: 


Operation: 
The carry flag is set. 
e-1 


Object Code Format: 
I 
11111001 


Bytes: 
1 
States: 
4 


Operation: 
The destination 
(leftmost) 
word operand 
is shifted 
left as many times as speci- 


fied by the count (rightmost) 
operand. 
The count may be specified 
either as an 
immediate 
value in the range of 0 to 15 (OFH) inclusive, 
or as the content 
of 


any register. 
Details on indirect 
shifts can be found in the Overview. 
The right 


tits 
of the result are filled with zeroes. 
The last bit shifted 
out is saved in the 


carry flag. 


Temp 
- 
(COUNT) 


do while Temp < > 0 
C 
- 
High order bit of (DEST) 


(DEST) 
- 
(DEST)' 
2 
Temp 
- 
Temp-1 


end_while 


00001001 
1 [ 
cntlbreg 
1 [ 
wreg 


Bytes: 
3 
States: 
7 + No. of shifts performed 
note: 0 place shifts take 8 states. 


b 
sr 


Operation: 
The destination 
(leftmost) 
byte operand 
is shifted 
left as many times as speci- 


fied by the count (rightmost) 
operand. 
The count may be specified 
either as an 


immediate 
value in the range of 0 to 15 (OFH) inclusive, 
or as the content 
of 


,any register. 
Details on indirect 
shifts can be found in the Overview. 
The right 
bits of the result are filled with zeroes. 
The last bit shifted 
out is saved in the 


[~arry flag. 


Temp 
- 
(COUNT) 
do while Temp <> 0 
C - 
High order bit of (DEST) 


(DEST) 
- 
(DEST)' 
2 
TEMP 
- 
Temp 
- 
1 


lmd_while 


00011001 
1 [ 
cntlbreg 
1 [ 
breg 


Bytes 
3 
States: 
7 + No. of shifts performed 
note: 0 place shifts take 8 states. 


b 
ST 


inter 


Operation: 
The destination (leftmost) double-word operand is shifted left as many times 


~IS specified by the count (rightmost) operand. The count may be specified 
Elitheras an immediate value in the range of 0 to 15 (OFH) inclusive. or as the 
c:ontentof any register. Details on indirect shifts can be found in the Overview. 
The right bits of the result are filled with zeroes. The last bit shifted out is 
saved in the carry flag. 


Temp - 
(COUNT) 
c10 while Temp < > 0 
C - 
High order bit of (DEST) 
(DEST) - 
(DEST) • 2 
Temp - 
Temp - 
1 
end_while 


00001101 I[ cnt/breg I[ lreg 


Eiytes: 
3 
s.tates: 
7 + No. of shifts performed 
note: 0 place shifts take 8 states. 


b 
ST 


Operation: 
The 
destination 
(leftmost) 
word 
operand 
is shifted 
right 
as many 
times 
as 


specified 
by the count (rightmost) 
operand. 
The count may be specified 
either 


as an immediate 
value 
in the 
range 
of 0 to 
15 (OFH) 
inclusive, 
or as the 


content 
of any register. 
Details on indirect shifts can be found in the Overview. 


The left bits of the result are filled with zeroes. The last bit shifted out is saved 
to the carry. The sticky 
bit flag is cleared 
at the beginning 
of the instruction, 


and set if at any time during the shift a 1 is shifted first into the carry flag, and a 
further 
shift cycle occurs. 


Temp 
+- (COUNT) 
do while Temp < > 0 
C +- 
Low order bit of (DEST) 


(DEST) +- (DEST) / 2 where 
/ is unsigned 
division 
Temp 
+- Temp 
- 
1 
end_while 


00001000 
1 [ 
cntlbreg 
1 [ 
wreg 


Bytes: 
3 
States: 
7 + No. of shifts performed 
note: 0 place shifts take 8 states. 


Operation: 
The destination (leftmost) word operand is shifted right as many times as 
specified by the count (rightmost) operand. The count may be specified either 
all an immediate value in the range of 0 to 15 (OFH) 
inclusive, or as the 


content of any register. Details on indirect shifts can be found in the Overview. 
If the original high order bit value was 0, zeroes are shifted in. If the value was 
1, ones are shifted in. The last bit shifted out is saved in the carry. The sticky 
bit flag is cleared at the beginning of the instruction, and set if at any time 
during the shift a 1 is shifted first into the carry flag, and a further shift cycle 
o<:curs. 


Tomp -- 
(COUNT) 
do while Temp < > 0 
C -- 
Low order bit of (DEST) 
(DEST) -- 
(DEST) / 2 where / is signed division 
Temp -- 
Temp - 
1 
end_while 


00001010 I[ cntlbreg I[ wreg 


Bytes: 
3 
States: 
7 + No. of shifts performed 
note: 0 place shifts take 8 states. 


Operation: 
The destination 
(leftmost) 
byte operand 
is shifted right as many times as spec- 


ified by the count 
(rightmost) 
operand. 
The count 
may be specified 
either as 


an immediate 
value in the range of 0 to 15 (OFH) inclusive, 
or as the content 
of 


any register. 
Details 
on indirect 
shifts 
can be found 
in the Overview. 
If the 


original 
high order bit value was 0, zeroes 
are shifted 
in. If that value was 1, 


ones are shifted 
in. The last bit shifted out is saved in the carry. The sticky bit 


flag is cleared 
at the beginning 
of the instruction, 
and set if at any time during 


the shift a 1 is shifted first into the carry flag, and a further 
shift cycle occurs. 


Temp 
- 
(COUNT) 
do while Temp < > 0 
C, = Low order bit of (DEST) 
(DEST) 
- 
(DEST) I 2 where I is signed division 


Temp 
- 
Temp 
- 
1 
end_while 


SHRAB 


SHRAB 


00011010 
1 [ 
cnt/breg 
1 [ 
breg 


Bytes: 
3 
States: 
7 + No. of shifts performed 
note: 0 place shifts take 8 states. 


Operation: 
The destination 
(leftmost) 
double-word 
operand 
is shifted 
right as many times 


as specified 
by the count 
(rightmost) 
operand. 
The count 
may be specified 


13ither as an immediate 
value in the range of 0 to 15 (OFH) inclusive, 
or as the 


l~ontent of any register. 
Details on indirect shifts can be found in the Overview. 


If the original high order bit value was 0, zeroes are shifted 
in. If the value was 


1, ones are shifted 
in. The sticky bit is cleared 
at the beginning 
of the instruc- 
tion, and set if at any time during the shift a 1 is shifted first into the carry flag, 
and a further 
shift cycle occurs. 


Temp 
.- 
(COUNT) 
do while Temp < > 0 
C .- 
Low order bit of (DEST) 
(DEST) 
.- 
(DEST) / 2 where 
/ is signed division 
Temp 
.- 
Temp 
- 
1 


13nd_while 


SHRAL 


SHRAL 


00001110 
1 [ 
cnt/breg 
1 [ 
Ireg 


Bytes: 
3 
States: 
7 + No. of shifts performed 
note: 0 place shifts take 8 states. 


Operation: 
The destination 
(leftmost) 
byte operand 
is shifted right as many times as spec- 


ified by the count 
(rightmost) 
operand. 
The count 
may be specified 
either as 


an immediate 
value in the range of 0 to 15 (OFH) inclusive, 
or as the content 
of 


any register. 
Details 
on indirect 
shifts can be found 
in the Overview. 
The left 


bits of the result are filled with zeroes. 
The last bit shifted 
out is saved in the 


carry. The sticky bit flag is cleared at the beginning 
of the instruction, 
and set if 


at any time during the shift a 1 is shifted 
first into the carry flag, and a further 


shift cycle occurs. 


Temp 
+- 
(COUNT) 
do while Temp < > 0 
C +- 
Low order bit of (DEST) 
(DEST) +- (DEST) / 2 where 
/ is unsigned 
division 


Temp +- Temp 
- 
1 
end_while 


00011000 
1 [ 
cntlbreg 
1 [ 
breg 


Bytes: 
3 
States: 
7 + No. of shifts performed 
note: 0 place shifts take 8 states. 


inter 


Operation: 
The destination 
(leftmost) 
double-word 
operand 
is shifted right as many times 


CISspecified 
by the count 
(rightmost) 
operand. 
The count 
may be specified 


Hither as an immediate 
value in the range of 0 to 15 (OFH) inclusive, 
or as the 


content 
of any register. 
Details on indirect shifts can be found in the Overview. 


The left bits of the result are filled with zeroes. The last bit shifted out is saved 
in the carry. The sticky 
bit flag is cleared 
at the beginning 
of the instruction, 


Clndset if at any time during the shift a 1 is shifted first into the carry flag, and a 
further 
shift cycle occurs. 


Temp 
+- .(COUNT) 
do while Temp < > 0 
C +- 
Low order bit of (DEST) 
(DSET) +- (DEST) / 2 where 
/ is unsigned 
division 
Temp 
+- Temp 
- 
1 


ond_while 


00001100 
1 [ 
cntlbreg 
1 [ 
Ireg 


Bytes: 
3 
States: 
7 + No. of shifts performed 
note: 0 place shifts take 8 states. 


inter 


Operation: 
The distance 
from the end of this instruction 
to the target label is added to the 


program 
counter, 
effecting 
the jump. The offset from the end of this instruction 


to the label must be in the range of -1024 
to + 1023 inclusive. 


PC 
••... PC + disp (sign-extended 
to 16 bits) 


Object Code Format: 
[ 
00100xxx 
1 [ 
disp-Iow 
1 
where xxx holds the three 
high order bits of the displacement. 


Bytes: 
2 
States: 
8 


Operation: 
~othing 
is done. This is actually 
a two-byte 
NOP where the second 
byte can 


I)e any value, 
and is simply 
ignored. 
Control 
passes 
to the next sequential 
instruction. 


Object Code Format: 
r 
00000000 
1 [ 
breg 
1 


Bytes: 
2 
States: 
4 


Operation: 
The value of the leftmost word operand is stored into the rightmost operand. 


(DESn 
- 
(SRC) 


SRC 
DST 
wreg, 
waop 


Object Code Format: 
[ 
110000aa 
1 [ 
waop 
1 [ 
wreg 
1 


Bytes: 
2 + SEA 
States: 
4 + CEA 


Operation: 
The value of the leftmost byte operand is stored into the rightmost operand. 


(DESn 
- 
(SRC) 


SRC 
DST 
breg, 
baop 


Object Code Format: 
[ 
110001aa 
1 [ 
baop 
1 [ 
breg 
1 


Bytes: 
2 + SEA 
States: 
4 + CEA 


~~ 
sr 


Operation: 
The source 
(rightmost) 
word operand 
is subtracted 
from the destination 
(left- 


most) word operand, 
and the result is stored in the destination. 
The carry flag 
is set as complement 
of borrow. 


(DEST) 
- 
(DEST) - 
(SRC) 


DST 
wreg, 


SRC 
waop 


Object Code Format: 
[ 
01101 Oaa 
J [ 
waop 
J [ 
wreg 
J 


Bytes: 
2 + BEA 
States: 
4 + CEA 


Operation: 
The source 
(rightmost) 
word 
operand 
is subtracted 
from 
the 
second 
word 


l)perand, 
and the result is stored in the destination 
(the leftmost 
operand). 
The 
l~arry flag is set as complement 
of borrow. 


(DEST) 
- 
(SRC1) - 
(SRC2) 


DST 
wreg, 
SRC1 
wreg, 


SRC2, 
waop 


Object Code Format: 
[ 
010010aa 
J [ 
waop 
J [ 
Sweg 
J [ 
Dwreg 
J 


Bytes: 
3 + BEA 
States: 
5 + CEA 
b 
ST 


inter 


Operation: 
The source (rightmost) byte is subtracted from the destination (leftmost) byte 
operand, and the result is stored in the destination. The carry flag is set as 
complement of borrow. 
(DEST) .- 
(DEST) - 
(SRC) 


DST 
SRC 
breg, 
baop 


Object Code Format: 
[ 
01111Oaa I[ baop I[ breg I 


Bytes: 
2 + SEA 
States 
4 + CEA 


Operation: 
The source (rightmost) byte operand is subtracted from the second byte oper- 
~Ind,and the result is stored in the destination (the leftmost operand). The 
carry flag is set as complement of borrow. 
(JEST) .- 
(SRC1) - 
(SRC2) 


DST 
SRC1 
SRC2 
breg, 
Sbreg 
baop 


Object Code Format: 
[ 
01011Oaa I[ baop I[ Sbreg I[ Dbreg I 


e:ytes: 
3 + SEA 
States: 
5 + CEA 
b 
ST 


Operation: 
The source (rightmost) word operand is subtracted from the destination (left- 
most) word operand. If the carry flag was clear, 1 is subtracted from the above 
result. The result replaces the orignal destination operand. The carry flag is 
set as complement of borrow. 
(DESn +- (DESn - 
(SRC) - 
(1-C) 


Assembly 
Language 
Format: 
SUBC 
DST 
SRC 
wreg, 
waop 


Object Code Format: 
[ 
101010aa l[ waop l[ wreg l 


Bytes: 
2 + SEA 
States: 
4 + CEA 


Operation: 
The source (rightmost) byte operand is subtracted from the destination (left- 
most) byte operand. If the carry flag was clear, 1 is subtracted from the above 
result. The result replaces the original destination operand. The carry flag is 
Hetas complement of borrow. 
(DESn +- (DESn - 
(SRC) - 
(1-C) 


Assembly 
Language 
Format: 
DST 
SRC 
BUBCB 
breg, 
baop 


Object Code Format: 
[ 
10111Oaa l[ baop l[ breg l 


Bytes: 
2 + BEA 
States 
4 + CEA 
h 
ST 


Operation: 
This instruction causes an interrupt-call which is vectored through location 
2010H. The operation of this instruction is not effected by the state of the 
interrupt enable flag in the PSW (I). Interrupt-calls cannot occur immediately 
following this instruction. This instruction is intended for use by Intel provided 
development tools. These tools will not support user-application of this in- 
struction. 


SP - 
SP - 
2 
(SP) - 
PC 
PC - 
(2010H) 


Assembly 
Language 
Format: 
This instruction is not supported by revision 1.0 of the 8096 assembly lan- 
gJage. 


Object Code Format: 
[ 
11110111 


Bytes: 
States 
Onchip Stack: 
Offchip Stack: 


Operation: 
The source (rightmost) word operand is XORed with the destination (leftmost) 
w,:>rdoperand. Each bit is set to 1 if the corresponding bit in either the source 
operand or the destination operand was 1, but not both. The result replaces 
the original destination operand. 


(DEST) - 
(DEST) XOR (SRC) 


Assembly 
Language 
Format: 
XOR 
DST 
wreg, 


SRC 
waop 


Object Code Format: 
[ 
100001aa 
1 [ 
waop 
1 [ 
wreg 
1 


S'ltes: 
2 + SEA 
Siates: 
4 + CEA 


~ 
sr 


inter 


Operation: 
The source (rightmost) byte operand is XOAed with the destination (leftmost) 
byte operand. Each bit is set to 1 if the corresponding bit in either the source 
operand or the destination operand was 1, but not both. The result replaces 
the original destination operand. 
(DEST) +- (DEST) XOA (SAC) 


DST 
SAC 
breg, 
baop 


Object Code Format: 
[ 
100101aa 
1 [ 
baop 
1 [ 
breg 
1 


Bytes: 
2 + BEA 
States: 
4 + CEA 


MCS®-96I1lardware 
Design Inf(Jlrmation 
17 


inter 


MCS®-96 H~~RDWAREDESIGN INFORMATION 


This Chapter of the manual is'devoted to the hardware 
engineer. All of the information you need to connect 
the correct pin to the correct external circuit is provid- 
ed. Many of the special function pins have different 
characteristics which are under software control, there- 
fore, it is necessary to define the sy,;tem completely be- 
fore the hardware is wired-up. 


Frequently within this chapter a spc:cificationfor a cur- 
rent, voltage, or time period is re~~rred to; the values 
provided are to be used as an approximation only. The 
exact specification can be found in the latest data sheet 
for the particular part and temperature range that is 
being used. 


1.0 REQUIRED HARDW~\RE 


CONNECTIONS 


Although the 8096BH is a single-chip microcontroller, 
it still requires several external connections to make it 
work. Power must be applied, a clock source provided, 
and some form of reset circuitry must be present. We 
will look at each of these areas of drcuitry separately. 
Figure 6 shows the connections that are needed for a 
single-chip system. 


Power for the 8096BH flows through six pins; they are: 
three positive voltage pins-VcC 
(digital), VREF (Port 


o digital 1/0 and AID power), VpD (power down 
mode); and three common returns--two 
VSSpins and 


one ANGND 
pin. All six of these: pins must be con- 
nected on the 8096BH for normal operation. The Vcc 
pin, VREF pin and VpD pin should be tied to 5 volts. 
The two VSS pins and the ANGND 
pin must be 


grounded. When the analog to digital converter is being 
used it may be desirable to connect the VREF pin to a 
separate power supply, or at least a separate power sup- 
ply line. 


The three common return pins should be connected at 
the chip with as short a lead as possible to avoid prob- 
lems due to voltage drops across the wiring. There 
should be no measurable voltage difference between 
VSSIand Vssz. The two Vss pins and the ANGND pin 
must all be nominally at 0 volts. The maximum current 
drain of the 8096BH is around 180 mA, with all lines 
unloaded. 


When the analog converter is being used, clean, stable 
power must be provided to the analog section of the 
chip to assure highest accuracy. To achieve this, it may 
be desirable to separate the analog power supply from 
the digital power supply. The VREF pin supplies the 
digital circuitry in the AID converter and provides the 
5 volt reference to the analog portion of the converter. 
VREF and ANGND 
must be connected even if the 


AID converter is not used. More information on the 
analog power supply is in Section 3.1. 


Several other connections are needed to configure the 
8096BH. In normal operation the following pins should 
be connected to the indicated power supply. 


Pin 
Power Supply 


8X9XBH 
8X9X 


NMI 
NMI 
Vcc 
TEST 
Vcc 
EA 
EA 
VCC (to allow internal execution) 
Vss (to force external 
execution) 


Although the EA pin has an internal pulldown, it is 
best to tie this pin to the desired level. This will prevent 
induced noise from disturbing the ~tem. 
With the ex- 


~ption 
of 8X9X devices, raising EA to + 12.75 volts 


will place an 8096BH in a special operating mode de- 
signed for programming and program memory verifica- 
tion (see Section 10). 


The 8096BH requires a clock source to operate. This 
clock can be provided to the chip through the XTALl 
input or the on-chip oscillator can be used. The fre- 
quency of operation is from 6 MHz to 12 MHz. 


The on-chip circuitry for the 8096BH oscillator is a 
single stage linear inverter as shown in Figure I. It is 
intended for use as a crystal-controlled, positive reac- 
tance oscillator with external connections as shown in 
Figure 2. In this application, the crystal is being operat- 
ed in its fundamental response mode as an inductive 


H" ••,;Lime<: m parallel resonance wltn snunt capacitance 
external to the crystal. 


The crystal specifications and capacitance values (Cl 
and C2 in Figure 2) are not critical. Thirty pF can be 
used in these positions at any frequency with good 
quality crystals. For 0.5% fre=iuency accuracy, the 
crystal frequency can be specified at series resonance or 


for parallel resonance with any load capacitance. (In 
other words, for that degree of frequency accuracy, the 
load capacitance simply doesn't matter.) For 0.05% 
frequency accuracy the crystal frequency should be 
specified for parallel resonance with 25 pF load capaci- 
tance, if Cl and C2 are 30 pF. 


A more in-depth discussion of crystal specifications and 
the selection of values for Cl and C2 can be found in 
the Intel Application Note, AP-155, "Oscillators for 
Microcontrollers .•• 


To drive the 8096BH with an external clock source, 
apply the external clock signal to XTALI 
and let 


XTAL2 float. An example of this circuit is shown in 
Figure 3. The required voltage levels on XTALl 
are 


specified in the data sheet. The signal on XTALl must 
be clean with good solid levels. 


It is important that the minimum high and low times 
are met to avoid having the XTALl 
pin in the tran- 
sition range for long periods of time. The longer the 
signal is in the transition region, the higher the proba- 
bility that an external noise glitch could be seen by the 
clock generator circuitry. Noise glitches on the 8096BH 
internal clock lines will cause unreliable operation. 


The clock generator provides a 3 phase clock output 
from the XTALI pin input. Figure 4 shows the wave- 
forms of the major internal timing signals. 


XTAL2 


FLOAT 


PHASE A 


(CLKOUT) 


Figure 4. Internal 
Timings 


ternal ROM/EPROM. 
If the voltage on the EA pin 
selects the external execution only mode the CCB is 
read from external memory. See Figure 5. 
In order for the 8096BH to functi~~erly 
it must be 
reset. This is done by holding the RESET pin low for at 
least 2 state times after the power supply is within toler- 
ance and the oscillator has stabili2,ed. 


On 8X9X devices the RESET pin must be held low long 
enough for the power supply, oscillator and back-bias 
generator to stabilize. Typically, the back-bias generator 
requires one millisecond to stabilize. 


After the RESET pin is brought high. a ten state reset 
sequence is executed. During this time, the Chip Con- 
figuration Byte (CCB) is read from location 2018H and 
written to the 8096BH Chip Configuration 
Register 
(CCR). If the voltage on the EA pin selects the inter- 
nal/external execution mode the CCB is read from in- 


On 8X9X devices, the eeB read does not occur, and 
ALE is high while RESET is held low. 


There are seyeral ways to provide a good reset to an 
8096BH. the simplest being just to connect a capacitor 
from the reset pin to ground. The capacitor should be 
on the order of 2 microfarads for every millisecond of 
reset time required. This method will only work if the 
rise time of Vcc is fast and the total reset time is less 
than around 50 milliseconds. It also may not work if 
the RESET pin is to be used to reset other parts on the 
board. An 8096BH with the minimum required connec- 
tions is shown in Figure 6. 


\ ""~r····FY'crm 
U 
U 


CHIP 
CONFIGURATION 
BYTE 


THE BYTE(8-BIT 
BUS). 
OR WORD(16-BIT 
BUS), 
AT 2080H 
270246-5 


Figure 5. Reset Sequence 
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+5 VOLTS 


SEPARATE VCC TRACE (2) 


"PO 


(1) 
VREF' 


0.1 "r 
Ti:sr 


ANOND 
EA 


SEPARATE 
.01 "r 


GROUND 
0.1 


TRACE 
(1) 


Vee 
TO 


(2) 
1.0 "r 


47 
J.£F 
• 
TO 
25 "r 


ANONO 
eUSWIOTH 


EA 


0.1 
TO 
1.0 "r 


NOTES: 
1. These 
capacitors 
are needed 
only if A to D is used. 
2. VREF & ANGND 
may be connect9d 
to the same traces 
as the digital 
power 
supply 
if the A to D is not used. 


(1( 
lOOK 


'/e 74SL06 


OR 
lh 7406 


NOTE: 
1. The diode will provide 
a faster 
cycle 
time repetitive 
power-on-resets. 


The 8096BH RESET pin can be u!.ed to allow other 
chips on the board to make use of the:Watchdog Timer 
or the RST instruction. When this is done the reset 
hardware should be a one-shot with an open collector 
output. The reset pulse going to the: other parts may 
have to be buffered and lengthened with a one-shot, 
since the RESET low duration is only two state times. 
If this is done, it is possible that th: 8096BH will be 
reset and start running before the other parts on the 
board are out of reset. The software must account for 
this possible problem. 


A capacitor directly connected to RESET cannot be 
used to reset the part if the pin is to be used as an 
output. If a large capacitor is used, the pin will pull- 
down more slowly than normal. It will continue to pull- 
down until the 8096BH is reset. It could fall so slowly 
that it never goes below the internal switch point of the 
reset signal (I to 1.5 volts), a voltage which may be 
above the guaranteed switch point of external circuitry 
connected to the pin. A circuit example is shown in 
Figure 7. 


inter 


1.5 Sync Mode 


If RESET is brought high at the same time as or just 
after the rising edge of XTALl, the part will start exe- 
cuting the 10 state time RST instruction exactly 6'/. 
XTALI cycles later. This feature (:an be used to syn- 
chronize several MCS·96 devices. A diagram of a typi- 
cal connection is shown in Figure 8 It should be noted 
that parts that start in sync may not stay that way, due 
to propagation delays which may cause the synchroniz- 
ed parts to receive signals at slightly different times. 


1.6 Disabling the Watchdog 
Timer 


The Watchdog Timer will pull the RESET pin low 
when it overflows. See Figure 9. If the pin is being 
externally held above the low going threshold, the pull- 
down transistor will remain on indel1nitely. This means 
that once the watchdog overflows, the part must be 
reset or RESET must be held high indefinitely. Just 


resetting the Watchdog Timer in software will not clear 
the flip-flop which keeps the RESET pulldown on. 


The pulldown is capable of sinking on the order of 30 
milliamps if it is held at 2.0 volts. This amount of cur- 
rent may cause some long term reliability problems due 
to locahzed chip heating. For this reason, parts that 
will be used in production should never have had the 
Watchdog Timer over-ridden for more than a second or 
two. 


Whenever the reset pin is being pulled high while the 
pulldown is on, it should be through a resistor that will 
limit the voltage on RESET to 2.5 volts and the current 
through the pin to 40 milliamps. 


If it is necessary to disable the Watchdog Timer for 
more than a brief test the software solution of never 
initiating the timer should be used. See Section 14 in 
the Architecture Chapter. 


WATCHDOG TIMER 
OVEn FLOW 


RESET INSTRLICTION 
(OFFH) 


inter 


Battery backup can be provided on the 8096BH with a 
1 mA current drain at 5 volt;. This mode will hold 
locations OFOH through OFFH valid as long as the 
power to the YPD pin remains Con.The required timings 
to put the part into power-down and an overview of 
this mode are given in Section 4.2 in the MCS-96 Ar- 
chitecture Chapter. 


A 'key' can be written into power-down RAM while 
the part is running. This key can be checked on reset to 
determine if it is a start-up from power-down or a com- 
plete cold start. In this way the validity of the power- 
down RAM can be verified. Th,~length of this key de- 
termines the probability that this procedure will work, 
however, there is always a statistical chance that the 
RAM will power up with a replica of the key. 


Under most circumstances, 
th,~ power-fail indicator 


which is used to initiate a power-down condition must 
come from the unfiltered, unre,gulated section of the 
power supply. The power supply must have sufficient 
storage capacity to operate the 8096BH until it has 
completed its reset operation. 


There are five types of I/O line; on the 8096BH. Of 
these, two are inputs and three are outputs. All of the 
pins of the same type have the same current/voltage 
characteristics. Some of the control input pins, such as 
XTALl and RESET, may have slightly different char- 
acteristics. These pins are discuss,~ in Section 1. 


While discussing the characteristics of the I/O 
pins 


some approximate current or voltage specifications will 
be given. The exact specifications are available in the 
lastest version of the data sheet that corresponds to the 
part being used. 


The Quasi-Bidirectional pins of Port I, Port 2.6, and 
Port 2.7 have both input and output port configura- 
tions. They have three distinct states; low impedance 
current sink (Q2), low impedance ,:urrent source (Ql), 
and high impedance current source (Q3). As a low im- 
pedance current sink, the pin has specification of sink- 
ing up to around 0.5 mA, while staying below 0.45 
volts. The pin is placed in this condition by writing a '0' 
to the SFR (Special Function Regi;ter) controlling the 
pin. 


Examine Figure 10. When a '1' is written to the SFR 
location controlling 
the pin, Ql 
(a low impedance 


MOSFET pullup) is turned on for one state time, then 
it is turned off and the depletion pul:up holds the line at 


a logical 'I' state. The low-impedance pullup is used to 
shorten the rise time of the pin, and has current source 
capability on the order of 100 times that of the deple- 
tion pullup. 


While the depletion mode pullup is the only device on, 
the pin may be used as an input with a leakage of 
around 100 microamps from 0.45 volts to YCC. It is 
ideal for use with TTL or CMOS chips and may even 
be used directly with switches. However if the switch 
option is used, certain precautions should be taken. It is 
important to note that any time the pin is read, the 
value returned will be the value on the pin, not the 
value placed in the control register. This could cause 
logical operations made directly on these pins to inda- 
vertently write a 0 to pins being used as inputs. In order 
to perform logical operations on a port where a quasi- 
bidirectional pin is an input, it is necessary to guarantee 
that the bit associated with the input pin is always a one 
when writing to the port. 


2.2 Quasi-Bidirectional 
Hardware 
Connections 


When using the quasi-bidirectional ports as inputs tied 
to switches, series resistors may be needed if the ports 
will be written to internally after the part is initialized. 
The amount of current sourced to ground from each 
pin is tyically 20 mA or more. Therefore, if all 8 pins 
are tied to ground, 160 mA will be sourced. This is 
equivalent to instantaneously doubling the power used 
by the chip and may cause noise in some applications. 


This potential problem can be solved in hardware or 
software. In software, never write a zero to a pin being 
used as an input. 


In hardware, a lK resistor in series with each pin will 
limit current to a reasonable value without impeding 
the ability to override the high impedance pullup. If all 
8 pins are tied together a 120.0 resistor would be rea- 
sonable. The problem is not quite as severe when the 
inputs are tied to electronic devices instead of switches, 
as most external pulldowns will not hold 20 mA to 0.0 
volts. 


Writing to a Quasi-Bidirectional Port with electronic 
devices attached to the pins requires special attention. 
Consider using P1.0 as an input and trying to toggle 
P1.1 as an output: 


ORB 
IOPORTI. 
#OOOOOOOlB 


XORB IOPORTI. 
#OOOOOOlOB 


Set PLO 
for input 
Complement 
Pl.l 


The first instruction 
will work as expected but two 


problems can occur when the second instruction exe· 
cutes. The first is that even though PUis 
being driven 


inter 


PORT 1 
PORT 2.6, 
PORT 2.7 


~ 


ONE 
STATE 
DELAY 


2V 
4V 


VOl. 


NOTE: 
These graphs show typicalpin capabilities,they are not guaranteed specifications 


high by the 8096 it is possible that it is being held low 
externally. This typically happens when the port pin is 
used to drive the base of an NPN lransistor which in 
turn drives whatever there is in the o~tside world which 
needs to be toggled. The base of the transistor will 
clamp the port 
pin to the transistor's 
Vbe above 


ground, typically O.7V. The 8096 will input this value 
as a zero even if a one has been written to the port pin. 
When this happens the XORB instlUction will always 
write a one to the port pin's SFR alld the pin will not 
toggle. 


The second problem, which is related to the first, is that 
if PI.O happens to be driven to a ;u,ro when Port I is 
read by the XORB instruction, then the XORB will 
write a zero to PI.O and it will no lcnger be useable as 
an input. 


driver design. A series resistor between the port pin and 
the base of the transistor often works by bringing up 
the voltage present on the port pin. The second case can 
be taken care of in the software fairly easily: 


LDB 
AL, IOPORTl 
XORB AL, #OlOB 
ORB 
AL, #OOlB 
STB 
AL, IOPORTl 


A software solution to both cases is to keep a byte in 
RAM as an image of the data to be output to the port; 
any time the software wants to modify the data on the 
port it can then modify the image byte and copy it to 
the port. 


If a switch is used on a long line connected to a quasi- 
bidirectional pin, a pullup resistor is recommended to 
reduce the possibility of noise glitches and to decrease 


inter 


the rise time of the line. On extremely long lines that 
are handling slow signals, a capadtor may be helpful in 
addition to the resistor to reduce noise. 


The high impedance input pins on the 8096BH have an 
input leakage of a few microamps and are predominant- 
ly capacitive loads on the order cf 10 pF. 


Port 0 pins are special in that they may individually be 
used as digital inputs, or as analog inputs. A Port 0 pin 
being used as a digital input acts ~iSthe high impedance 
input ports just described. However, Port 0 pins being 
used as analog inputs are required to provide current to 
the internal sample capacitor when a conversion begins. 
This means that the input characteristics of a pin will 
change if a conversion is being done on that pin. See 
Section 3. In either case, if Port 0 is to be used as analog 
or digital I/O, it will be necessary to provide power to 
this port through the VREF pin. 


Port 0 pins on 8X9X devices being used as analog inputs 
are required to provide current to an internal capacitor 


multiple times while a conversion is in progress. This 
means that the input characteristics of a Port 0 pin will 
change if a conversion is being done on that pin. See 
Section 3. 


Ports 3 and 4 on the 8096BH are open drain ports. 
There is no pullup when these pins are used as I/O 
ports. These pins have different characteristics when 
used as bus pins as described in the next section. A 
diagram of the output buffers connected to Ports 3 and 
4 and the bus pins is shown in Figure 11. 


When Ports 3 and 4 are to be used as inputs, or as bus 
pins, they must first be written with a 'I'. This will put 
the ports in a high impedance mode. When they are 
used as outputs, a pullup resistor must be used external- 
ly. The sink capability of these pins is on the order of 
0.4 milliamps so the total pullup current to the pin 
must be less than this. A 15K pullup resistor will 
source a maximum of 0.33 milliamps, so it would be a 
reasonable value to choose if no other circuits with 
pullups were connected to the pin. 


.- 
PORT 
3,4 OPEN 
DRAIN 
DRIVER 
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PORT 
PULLDOWN 
BUS, P1,P2 


25mA{i 


15mA 
.§ 


5mA 


OV 
2V 
4V 
VOl. 
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-SOmAk.~Ii- 
-30mA 
.§ 30mA r? 


j 


-IOmA 
IOmA 


OV 
2V 
4V 
OV 
2V 
4V 
V,," 
VOl. 


NOTE: 
These graphs show typicalpincapabilities,they are not guaranteed specifications. 
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2.5 HSO Pins, Control OU1tputsand 
Bus Pins 


The control outputs and HSO pins have output buffers 
with the same output characteristics as those of the bus 
pins. Included in the category of control outputs are: 
TXD, RXD (i~ode 
0), PWM, CLKOUT, 
ALE, 


BHE, RD, and WR. The bus pins have 3 states: output 
high, output low, and high impedan<:einput. As a high 
output, the pins are specified to source around 200 ,...A 
to 2.4 volts, but the pins can source on the order of ten 
times that value in order to provide the fast rise times. 
When used as a low output, the pins can sink around 
2 mA at 0.45 volts, and considerabl)' more as the volt- 
age increases. When in the high impedance state, the 
pin acts as a capacitive load with a few microamps of 
leakage. Figure II shows the internal configuration of a 
bus pin. 


The on-chip AID converter of the 8C96BHcan be used 
to digitize analog inputs while analog outputs can be 


generated with either the chip's PWM output or HSO 
unit. This section describes the analog input sugges- 
tions. See Section 4 for analog output. 


The 8096BH's Integrated AID converter includes an 
eight channel analog multiplexer, sample-and-hold cir- 
cuit and lO-bit analog to digital converter (Figure 12). 
The 8096BH can therefore select one of eight analog 
inputs to convert, sample-and-hold the input voltage 
and convert the voltage into a digital value. Each con- 
version takes 22 microseconds, including the time re- 
quired for the sample-hold (with XTALI 
= 12 MHz). 


The method of conversion is successive approximation. 


Section 3.6 contains the definitions of numerous terms 
used in connection with the AID converter. 


The AID converter of 8X9X devices does not contain a 
Sample-and-Hold and has a conversion time of 42 
I-l-S 


(12 MHz on XTALI). 
Section 3.5 discusses the differ- 


ences. 


~ 


ANGND 


NOTE: 
1. Sample 
and hold not on 8X9X 
devic:es. 


The conversion process is initiated by the execution of 
HSO command OFH, or by writing a one to the GO Bit 
in the AID Control Register. Either activity causes a 
start conversion signal to be sent to the AID converter 
control logic. If an HSO command was used, the con- 
version process will begin when Timer I increments. 
This aids applications attempting to approach spectral- 
ly pure sampling, since succes!:ive samples spaced by 
equal Timer I delays will occur with a variance of 
about ± 50 ns (assuming a sta"bleclock on XTALl). 
However, conversions initiated .)y writing a one to the 
ADCON register GO Bit will !itart within three state 
times after the instruction has completed execution re- 
sulting in a variance of about 0.75 IJ-s(XTALl 
= 


12 MHz). 


Once the AID unit receives a start conversion signal, 
there is a one state time delay bt:fore sampling (sample 
delay) while the successive approximation register is re- 
set and the proper multiplexer channel is selected. Af- 
ter the sample delay, the multiplexer output is connect- 
ed to the sample capacitor and remains connected for 
four state times (sample time). After this four state time 
"sample window" closes, the input to the sample capac- 
itor is disconnected from the multiplexer so that chang- 
es on the input pin will not alter the stored charge while 
the conversion is in progress. The comparator is then 
auto-zeroed and the conversion begins. The sample de- 
lay and sample time uncertaint.ies are each approxi- 
mately ± 50 ns, independent of clock speed. 


To perform the actual analog-to-digital conversion the 
8096BH implements a successive approximation algo- 
rithm. The converter hardware consists of a 256-resis- 
tor ladder, a comparator, 
coupling capacitors and a 


IO-bit successive approximation 
register (SAR) with 
logic that guides the process. The resistor ladder pro- 
vides 20 mY steps (VREF = 5.12y), while capacitive 
coupling is used to create 5 mY steps within the 20 mY 
ladder voltages. Therefore, 1024 internal reference volt- 
ages are available for compariso:l against the analog 
input to generate a IO-bit conversion result. 


A successive approximation conversion is performed by 
comparing a sequence of reference voltages, to the ana- 
log input, in a binary search for l:he reference voltage 
that most closely matches the input. The '/2 full scale 
reference voltage is the first tested. This corresponds to 
a 10-bit result where the most significant bit is zero, 
and all other bits are ones (0111.1111.11b). If the ana- 
log input was less than the test voltage, bit 10 of the 
SAR is left a zero, and a new test voltage of '/. full scale 
(0011.1111.11b) is tried. If this tel;t voltage was lower 
than the analog input, bit 9 of the SAR is set and bit 8 
is cleared for the next test (0I01.1111.11b). This binary 
search continues until 10 tests hav" occurred, at which 
time the valid IO-bit conversion result resides in the 
SAR where it can be read by softVlare. 


The tot.a1 number of state times required is 88 for a 
IO-bit conversion. Attempting to short-cycle the IO-bit 
conversion process by reading AID results before the 
done bit is set is not recommended. 


The external interface circuitry to an analog input is 
highly dependent upon the application, and can impact 
converter characteristics. In the external circuit's de- 
sign, important factors such as input pin leakage, sam- 
ple capacitor size and multiplexer series resistance from 
the input pin to the sample capacitor must be consid- 
ered. 


For the 8096BH, these factors are idealized in Figure 
13. The external input circuit must be able to charge a 
sample capacitor (CS) through a series resistance (RI) 
to an accurate voltage given a D.C. leakage (Id. On the 
8096BH, Cs is around 2 pF, RI is around 5 Kfi and IL 
is specified as 3 IJ-Amaximum. In determining the nec- 
essary source impedance RS' the value of YBIASis not 
important. 


External circuits with source impedances of I Kfi or 
less will be able to maintain an input voltage within a 
tolerance of about 
±0.61 LSB (1.0 Kfi 
X 
3.0 IJ-A 


= 3.0 mY) given the D.C. leakage. Source impedances 
above 2 KO can result in an external error of at least 
one LSB due to the voltage drop caused by the I IJ-A 
leakage. In addition, source impedances above 25 KO 
may degrade converter accuracy as a result of the inter- 
nal sample capacitor not being fully charged during the 
I IJ-s(12 MHz clock) sample window. 


It is important to note that source impedance require- 
ments relax if an external capacitor of sufficient size is 
attached directly to the analog input pin. Since the in- 
ternal sample capacitor is around 2.0 pF, an external 
0.005 IJ-Fcapacitor (2048 X 2.0 pF) should provide an 
accurate input voltage to ± 0.5 LSB. If there is leakage 
on the capacitor, the value of the capacitor must be 
increased to compensate for the leakage. For example, 
assuming just the 3 IJ-AD.C. leakage caused by the 
8096BH, 0.6 mY (less than 0.15 LSB) will be lost from 
a 0.005 IJ-Fcapacitor in I IJ-s.Therefore, the capacitor 


inter 


connected externally to the pin should be at least 0.005 
,...Fif the source impedance is too large to provide the 
needed accuracy on its own. However, if the external 
signal changes slowly, it is recommended that the larg- 
est acceptable capacitance be used. given the input sig- 
nal frequency. 


Placing an external capacitor on each analog input will 
also reduce the sensitivity to noise, as the capacitor 
combines with series resistance in the external circuit to 
form a low-pass filter. In practice, one should include a 
small series resistance prior to the t~xternalcapacitor on 
the analog input pin and choose the largest capacitor 
value practical, given the frequency of the signal being 
converted. This provides a low-pal.s filter on the input, 
while the resistor will also limit input current during 
over-voltage conditions. 


Figure 14 shows a simple analog interface circuit based 
upon the discussion above. The cin;uit in the figure also 
provides limited protection against over-voltage condi- 
tions on the analog input. Should the input voltage in- 
appropriately 
drop significantly below ground, diode 
D2 will forward bias at about 0.8 DCV. Since the speci- 
fication of the pin has an absolute maximum low volt- 
age rating of -0.3 
DCV, this will leave about 0.5 DCV 


across the 2700 resistor, or about 2.0 rnA of current. 
This should limit current to a safe amount. However, 
before any circuit is used in an actual application, it 
should be thoroughly analyzed for applicability to the. 
specific problem at hand. 


2~'O.n 
ANALOG 


~INPUTPIN 


O.OO~~ 


ANGND 
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3.3 Analog References 


Reference supply levels strongly influence the absolute 
accuracy of the conversion. For this reason, it is recom- 
mended that the ANGND pin be tied to the two Vss 
pins as close to the chip as possible with minimum trace 
length. Bypass capacitors should also be used between 
VREF and ANGND. ANGND should be within about 
a tenth of a volt Vss. VREF should be well regulated 
and used only for the AID converter. The VREFsupply 
can be between 4.5V and 5.5V and needs to be able to 
source around 5 mA. Figure 6 shows all of these con- 
nections. 


Note that if only ratiometric information is desired, 
VREF can be connected to Vcc. 
In addition, VREF 


and ANGND must be connected even if the AID con- 
verter is not being used. Remember that Port 0 receives 
its power from the VREF and ANGND pins even when 
it is used as digital I/O. 


The conversion result is a IO-bitratiometric representa- 
tion of the input voltage, so the numerical value ob- 
tained from the conversion will be: 


This produces a stair-stepped transfer function when 
the output code is plotted versus input voltage (see Fig- 
ure 15). The resulting digital codes can be taken as 
simple ratiometric information, or they can be used to 
provide information about absolute voltages or relative 
voltage changes on the inputs. The more demanding 
the application is on the A/D converter, the more im- 
portant it is to fully understand the converter's opera- 
tion. For simple applications, knowing the absolute er- 
ror of the converter is sufficient. However, closing a 
servo-loop with analog inputs necessitates a detailed 
understanding of an AID converter's operation and er- 
rors. 


The errors inherent in an analog-to-digital conversion 
process are many: quantizing error; zero offset; full- 
scale error; differential non-linearity; and non-linearity. 
These are "transfer function" errors related to the AID 
converter. 
In addition, 
converter 
temperature 
drift, 


Vcc 
rejection, sample-hold feedthrough, 
multiplexer 


off-isolation, channel-to-channel matching and random 
noise should be considered. Fortunately, one "Absolute 
Error" 
specification is available which describes the 
sum total of all deviations between the actual conver- 
sion process and an ideal converter. However, the vari- 
ous sub-components of error are important 
in many 


applications. These error components are described in 
Section 3.5 and in the text below where ideal and actual 
converters are compared. 


An unavoidable error simply results from the conver- 
sion of a continuous voltage to an integer digital repre- 
sentation. This error is called quantizing error, and is 
always ±0.5 LSB. Quantizing error is the only error 
seen in a perfect A/D converter, and is obviously pres- 
ent in actual converters. Figure 15 shows the transfer 
function for an ideal 3-bit AID converter (i.e. the Ideal 
Characteristic). 


Note that in Figure 15 the Ideal Characteristic possess- 
es unique qualities: it's first code transition occurs when 
the input voltage is 0.5 LSB; it's full-scale code tran- 
sition occurs when the input voltage equals the full- 
scale reference minus 1.5 LSB; and it's code widths are 
all exactly one LSB. These qualities result in a digitiza- 
tion without offset, full-scale or linearity errors. In oth- 
er words, a perfect conversion. 
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Figure 16 shows an Actual Chara(:teristic of a hypo- 
thetical 3-bit converter, which is nol:perfect. When the 
Ideal Characteristic is overlaid with the imperfect char- 
acteristic, the actual converter is seen to exhibit errors 
in the location of the first and final code transitions and 
code widths. The deviation of the first code transition 
from ideal is called "zero offset", a:nd the deviation of 
the final code transition from ideal is "full-scale error". 
The deviation of the code widths frcomideal causes two 
types of errors. Differential Non-Linearity and Non- 
Linearity. Differential Non-Linearity is a local linearity 
error measurement, whereas Non-Linearity is an over- 
all linearity error measure. 


Differential Non-Linearity is the degree to which actual 
code widths differ from the ideal one LSB width. Dif- 
ferential Non-Linearity gives the user a measure of how 
much the input voltage may have changed in order to 
produce a one count change in the conversion result. 
Non-Linearity is the worst case devj.ation of code tran- 
sitions from the corresponding code transitions of the 
Ideal 
Characteristic. 
Non-Linearity 
describes 
how 


much Differential Non-Linearities could add up to pro- 
duce an overall maximum departure from a linear char- 
acteristic. If the Differential Non-Linearity errors are 
too large, it is possible for an AID 
converter to miss 


codes or exhibit non-monotonicity. :~either behavior is 
desireable in a closed-loop system. A converter has no 
missed codes if there exists for each output code a 
unique input voltage range that produces that code 
only. A converter is monotonic if every subsequent 
code change represents an input voltage change in the 
same direction. 


Differential 
Non-Linearity 
and 
Non-Linearity 
are 


quantified by measuring the Terminal Based Linearity 
Errors. A Terminal Based Characte.ristic results when 
an Actual Characteristic is shifted and rotated to elimi- 
nate zero offset and full-scale error (:;eeFigure 17). The 
Terminal Based Characteristic is similar to the Actual 
Characteristic that would be seen if zero offset and full- 
scale error were externally trimmed away. In practice, 
this is done by using input circuits which include gain 
and 
offset trimming. 
In 
addition, 
VREF 
on 
the 


8096BH could also be closely regulated and trimmed 
within the specified range to affect full-scale error. 


Other factors that affect a real AID Converter system 
include sensitivity to temperature, failure to completely 
reject all unwanted signals, multiplel;er channel dissim- 
ilarities and random noise. Fortunately these effects are 
small. 


Temperature sensitivities are described by the rate at 
which typical specifications change with a change in 
temperature. 


Undesired signals come from three main sources. First, 
noise on VCC-VCC 
Rejection. Se;ond. input signal 


changes on the channel being converted after the sam- 
ple window has closed-Feed 
through. Third, signals 


applied to channels not selected by the multiplexer- 
Off-Isolation. 


Finally, multiplexer on-channel resistances differ slight- 
ly from one channel to the next causing Channel-to- 
Channel Matching errors, and random noise in general 
results in Repeatability errors. 


The 
8X9X AID 
Converter 
does 
not 
have an 
internal 


Sample-and-Hold. 
and the conversion 
time is 168 state 


times (42 IJ-swith 12 MHz 
clock). 
These differences 
pri- 


marily 
influence 
the interface 
circuitry 
and 
the rate at 


which sampling 
can be done. 


For the 8X9X. the idealized 
circuit 
in Figure 13 is still 


applicable. 
The only real difference 
is that the capacitor 


labeled Cs has a smaller 
value on 8X9X devices, but it is 


charged 
10 times during 
a conversion. 
Since 
the actual 


Cs on 8X9X parts 
is about 
0.5 pF. an effective 
Cs of 


5.0 pF (10 X 0.5 pF) can be used as the internal 
capaci- 


tance 
that 
must 
be charged 
during 
a conversion. 
The 


value of R I and h are nominally 
5 kO and 3 p.A respec- 


tively. 


Given these values. external 
circuits 
with source imped- 


ances of 1 KO or less will be able to maintain 
an input 


voltage within a tolerance 
of about 
± O.6 LSD 
(1.0 KO 
X 3.0 IJ-A = 3.0 mV) 
given 
the D.C. 
leakage. 
Source 


impedances 
above 2 Kfl will induce an external 
error of 


at least one LSD due to the voltage drop caused 
by the 


3 p.A leakage. 
In 
addition, 
source 
impedances 
above 


25 KO may 
degrade 
converter 
accuracy 
as a result 
of 


inadequate 
internal 
capacitor 
charging. 


On 8X9X devices, the analog input 
is sampled 
10 times 


while a conversion 
is in progress. 
Therefore. 
the input 


must 
remain 
stable 
so that 
conversion 
accuracy 
is not 


affected. 
If 
the 
input 
signal 
could 
vary significantly 


while a conversion 
is in pr0/tress, 
an external 
capacitor 


attached 
directly to the analog input pin could be used as 


a Sample-and-Hold. 
Since 
the internal 
capacitance 
is 


around 
5.0 pF. an external 
0.01 IJ-Fcapacitor 
(2048 X 


5.0 pF) should provide an accurate 
input voltage to ± O.5 


LSD. If there is leakage on the capacitor, 
the value of the 


capacitor 
must 
be increased 
to compensate 
for the leak- 


age. For example, 
assuming 
just 
the 3 p.A D. C leakage 


caused by the 8X9X, 1m V (less than 0.25 LSD) 
will be 


lost from 
a 0.15 IJ-F capacitor 
in 42 IJ-S. Therefore. 
the 


capacitor 
connected 
externally 
to the pin 
should 
be at 


least 0.2 IJ-F. However, 
if the external 
signal 
changes 


slowly relative to the conversion 
time (168 state times), 
it 


is recommended 
that the largest acceptable 
capacitance 


be used given the input signal frequency. 


Figure 14 shows a simple interface 
which could be appli- 


cable to 8X9X devices if the size of the capacitor attached 
to the analog 
input pin 
is increased 
to a value greater 


than 0.2 1JoF. The circuit in the)7gure 
also provides 
limit- 


ed protection 
against over-voltage 
conditions 
on the ana- 


log inputs. 
However, 
before any circuit is used in an ac- 


tual 
application, 
it should 
be thoroughly 
analyzed 
for 


applicability 
to the specific problem 
at hand. 


ABSOLUTE 
ERROR-The 
maximum difference be- 


tween corresponding actual and ideal code transitions. 
Absolute Error accounts for all deviations of an actual 
converter from an ideal converter. 


ACTUAL CHARACTERISTIC-The 
characteristic of 


an actual converter. The chara<:teristic of a given con- 
verter may vary over temperature, supply voltage, and 
frequency conditions. An Actual Characteristic rarely 
has ideal first and last transition locations or ideal code 
widths. It may even vary over multiple conversion un- 
der the same conditions. 


BREAK-BEFORE-MAKE-The 
property of a multi- 
plexer which guarantees 
that 
a previously selected 


channel will be deselected before a new channel is se- 
lected. 
(e.g. 
the 
converter 
will 
not 
short 
inputs 


together.) 


CHANNEL· TO-CHANNEL 
MATCHING-The 
dif- 
ference between corresponding code transitions of actu- 
al characteristics taken from dilferent channels under 
the same temperature, 
voltage and frequency condi- 
tions. 


t..."'HARACTERISTIC-A 
graph of input voltage ver- 


sus the resultant output code for an AID converter. It 
describes the transfer function of the AID converter. 


CODE CENTER-The 
voltage corresponding to the 


midpoint between two adjacent code transitions. 


CODE TRANSITION-The 
point at which the con- 


verter changes from an output code of Q, to a code of 
Q+ I. The input voltage correspcnding to a code tran- 
sition is defined to be that voltage which is equally like- 
ly to produce either of two adjacf,nt codes. 


CODE WIDTH-The 
voltage corresponding 
to the 


difference between two adjacent code transitions. 


D.C. INPUT LEAKAGE-Leakage 
current to ground 


from an analog input pin. 


DIFFERENTIAL 
NON-LINEARITY-The 
differ- 


ence between the ideal and actual code widths of the 
terminal based characteristic of a converter. 


FEEDTHROUGH-Attenuation 
of a voltage applied 


on the selected channel of the AID converter after the 
sample window closes. 


FULL SCALE ERROR-The 
difference between the 


expected and actual input voltage corresponding to the 
full scale code transition. 


IDEAL CHARACTERISTIC-A 
characteristic 
with 


its first code transition at VIN = 0.5 LSD, its last code 
transition at VIN = (VREF - 
1.5 LSD) and all code 


widths equal to one LSD. 


INPUT RESISTANCE-The 
effective series resistance 


from the analog input pin to the sample capacitor. 


LSD-LEAST 
SIGNIFICANT 
BIT: The voltage value 


corresponding to the full scale voltage divided by 2n, 
where n is the number of bits of resolution of the con- 
verter. For a IO-bit converter with a reference voltage 
of 5.12 volts, one LSD is 5.0 mY. Note that this is 
different than digital LSDs, since an uncertainty of two 
LSD, when referring to an AID 
converter, 
equals 


10 mY. (This has been confused with an uncertainty of 
two digital bits, which would mean four counts, or 
20 mV.) 


MONOTONIC-The 
property of successive approxi- 


mation converters which guarantees that increasing in- 
put voltages produce adjacent codes of increasing value, 
and that decreasing input voltages produce adjacent 
codes of decreasing value. 


NO MISSED 
CODES-For 
each and every output 


code, there exists a unique input voltage range which 
produces that code only. 


NON-LINEARITY-The 
maximum deviation of code 


transitions of the terminal based characteristic from the 
corresponding code transitions of the ideal characteris- 
tics. 


OFF-ISOLATION-Attenuation 
of a voltage applied 
on a deselected channel of the A/D converter. (Also 
referred to as Crosstalk.) 


REPEATABILITY-The 
difference between 
corre- 
sponding code transitions from diflerent actual charac- 
teristics taken from the same converter on the same 
channel at the same temperature, voltage and frequency 
conditions. 


RESOLUTION-The 
number of input voltage levels 
that the converter can unambiguously distinguish be- 
tween. Also defines the number of useful bits of infor- 
mation which the converter can return. 


SAMPLE DELAY-The 
delay from receiving the start 
conversion signal to when the sample window opens. 


SAMPLE 
DELAY UNCERTAINTY-The 
variation 
in the Sample Delay. 


SAMPLE TIME-The 
time that tile sample window is 
open. 


SAMPLE TIME UNCERTAINTf-The 
variation in 
the sample time. 


SAMPLE WINDOW-Begins 
when the sample capac- 
itor is attached to a selected chanm:l and ends when the 
sample capacitor 
is disconnected 
from the selected 
channel. 


SUCCESSIVE 
APPROXIMATION-An 
AID con- 
version method which uses a binary search to arrive at 
the best digital representation of an analog input. 


TEMPERATURE 
COEFFICIENTS-Change 
in the 
stated 
variable 
per 
degree 
centigrade 
temperature 
change. Temperature coefficients are added to the typi- 
cal values of a specification to see the effect of tempera- 
ture drift. 


TERMINAL 
BASED CHARACTERISTIC-An 
Ac- 
tual Characteristic which as been rotated and translat- 
ed to remove zero offset and full-scale error. 


VCC REJECTION-Attenuation 
of noise on the VCC 
line to the AID converter. 


ZERO OFFSET-The 
difference between the expected 
and actual input voltage corresponding to the first code 
transition. 


Analog outputs can be generated by two methods, ei- 
ther by using the PWM output or the HSO. Either 
device will generate a rectangular pulse train that varies 
in duty cycle and (for the HSO only) period. If a 
smooth analog signal is desired as an output, the rec- 
tangular waveform must be filtered. 


In most cases this filtering is best done after the signal 
is buffered to make it swing from 0 to 5 volts since both 
of the outputs are guaranteed only to TTL levels. A 
block diagram of the type of circuit needed is shown in 
Figure 18. By proper selection of components, account- 
ing for temperature and power supply drift, a highly 
accurate 8-bit D to A converter can be made using ei- 
ther the HSO or the PWM output. Figure 19shows two 
typical circuits. If the HSO is used the accuracy could 
be theoretically extended to 16-bits, however the tem- 
perature and noise related problems would be extreme- 
ly hard to handle. 


When driving some circuits it may be desirable to use 
unfiltered Pulse Width Modulation. This is particularly 
true for motor drive circuits. The PWM output can be 
used to generate these waveforms if a fixed period on 
the order of 64 /LS is acceptable. If this is not the case 
then the HSO unit can be used. The HSO can generate 
a variable waveform with a duty cycle variable in up to 
65536 steps and a period of up to 131 milliseconds. 
Both of these outputs produce TTL levels. 
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The I/O pins on the 8096BH are sampled and changed 
at specific times within an instruction cycle. The chang- 
es occur relative to the internal phases shown in Figure 
4. Note that the delay from XTALI 
to the internal 


clocks range from about 30 ns to 100 ns over process 
and temperature. Signals generated by internal phases 
are further delayed by 5 ns to 15ns. The timings shown 
in this section are idealized; no propagation delay fac- 
tors have been taken into account. Designing a system 
that depends on an I/O pin to change within a window 
of less than 50 ns using the information in this section is 
not recommended. 


Changes in the HSO lines are synchronized to Timer I. 
All of the external HSO lines due to change at a certain 
value of a timer will change just pior to the increment- 
ing of Timer I. This corresponds to an internal change 


during Phase B every eight state times. From an exter- 
nal perspective the HSO pin should change just prior to 
the rising edge of CLKOUT and be stable by its falling 
edge. Information from the HSO can be latched on the 
CLKOUT falling edge. Internal events can occur any- 
time during the 8 state time window. 


Timer 2 is synchronized to increment no faster than 
Timer I, so there will always be at least one increment- 
ing of Timer I while Timer 2 is at a specific value. 


The HSI pins are sampled internally once each state 
time. Any value on these pins must remain stable for at 
least I full state time to guarantee that it is recognized. 
The actual sample occurs at the end of Phase A, which, 
due to propagation delay, is just after the rising edge of 
CLKOUT. Therefore, if information is to be synchro- 
nized to the HSI it should be latched-in on CLKOUT 


inter 


falling. The time restriction applies even if the divide by 
eight mode is being used. If two events occur on the 
same pin within the same 8 state time window, only one 
of the events will be recorded. If the events occur on 
different pins they will always be recorded, regardless 
of the time difference. The 8 state time window, (i.e. the 
amount of time during which Timer 1 remains con- 
stant), is stable to within about 20 ns. The window 
starts roughly around the rising t:dge of CLKOUT, 
however this timing is very appfC'ximate due to the 
amount of internal circuitry involved. 


Port 0 is different from the other digital ports in that it 
is actually part of the AID convertt:r. The port is sam- 
pled once every state time, howevl:r, sampling is not 
synchronized to Timer I. If this port is used, the input 
signal on the pin must be stable one state time before 
the reading of the SFR. 


On 8X9X devices. Pon 0 is samplEd every eight state 
times (the same frequency at which the comparator is 
charged-up during an A/D conversioll). This 8state time 
counter is not synchronized with Timer 1. If this port is 
used. the input signal on the pin mMst be stable 8 state 
times prior to reading the SFR. 


Port 1 and Port 2 have quasi-bidirectional I/O pins. 
When used as inputs the data on these pins must be 
stable one state time prior to read ing the SFR. This 
timing is also valid for the input-only pins of Port 2 and 
is similar to the HSI in that the sample occurs just after 
the rising edge of CLKOUT. When used as outputs, the 
quasi-bidirectional pins will change state shortly after 
CLKOUT falls. If the change was ti:om '0' to a '1' the 
low impedance pullup will remain Oil for one state time 
after the change. 


Ports 
3 and 4 are addressed as off-chip memory- 


mapped I/O. The port pins will change state shortly 
after the rising edge of CLKOUT. When these pins are 
used as Ports 3 and 4 they are open drains, their struc- 
ture is different when they are used as part of the bus. 
See Section 10.4 of the MCS-96 An:hitecture chapter. 
Additional information on port reconstruction is avail- 
able in Section 7.8 of this chapter. 


The serial port on the 8096BH was designed to be com- 
patible with the 8051 serial port. Since the 8051 uses a 
divide by 2 clock and the 8096BH uses a divide by 3, 
the serial port on the 8096BH had to be provided with 
its own clock circuit to maximize its compatibility with 


the 8051 at high baud rates. This means that the serial 
port itself does not know about state times. There is 
circuitry which is synchronized to the serial port and to 
the rest of the 8096BH so that information can be 
passed back and forth. 


The baud rate generator is clocked by either XTAL I or 
T2CLK. Because T2CLK needs to be synchronized to 
the XTALI signal its speed must be limited to '/,. that 
ofXTAL1. The serial port will not function during the 
time between the consecutive writes to the baud rate 
register. Section 11.4of the MCS-96 Architecture chap- 
ter discusses programming the baud rate generator. 


Mode 0 is the shift register mode. The TXD pin sends 
out a clock train, while the RXD pin transmits or re- 
ceives the data. Figure 20 shows the waveforms and 
timing. Note that the port starts functioning when a 'I' 
is written to the REN (Receiver Enable) bit in the serial 
port control register. If REN is already high, clearing 
the RI flag will start a reception. 


In this mode the serial port can be used to expand the 
I/O capability of the 8096BH by simply adding shift 
registers. A schematic of a typical circuit is shown in 
Figure 21. This circuit inverts the data coming in. so it 
must be reinverted in software. The enable and latch 
connections to the shift registers can be driven by de- 
coders, rather than directly from the low speed I/O 
ports, if the software and hardware are properly de- 
signed. 


Mode I operation of the serial port makes use of 10-bit 
data packages. a start bit, 8 data bits and a stop bit. The 
transmit and receive functions are controlled by sepa- 
rate shift clocks. The transmit shift clock starts when 
the baud rate generator is initialized, the receive shift 
clock is reset when a 'I to 0' transition (start bit) is 
received. The transmit clock may therefore not be in 
sync with the receive clock, although they will both be 
at the same frequency. 


The TI (Transmit Interrupt) 
and RI (Receive Inter- 


rupt) flags are set to indicate when operations are com- 
plete. TI is set when the last data bit of the message has 
been sent, not when the stop bit is sent. If an attempt to 
send another byte is made before the stop bit is sent the 
port will hold off transmission until the stop bit is com- 
plete. RI is set when 8 data bits are received, not when 
the stop bit is received. Note that when the serial port 
status register is read both TI and RI are cleared. 
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Caution should be used when using the serial port to 
connect more than two devices in half-duplex, (i.e. one 
wire for transmit and receive). If the receiving proces- 
sor does not wait for one bit time after RI is set before 
starting to transmit, the stop bit 'In the link could be 
squashed. This could cause a problem for other devices 
listening on the link. 


Modes i and 3 operate in a manner similar to that of 
Mode I. The only difference is fl1at the data is now 
made up of 9 bits, so II-bit packages are transmitted 
and received. This means that TI and RI will be set on 
the 9th data bit rather than the 8th. The 9th bit can be 
used for parity or multiple processor communications 
(see Section 11 of the MCS-96 Arc:hitecture chapter). 


7.0 BUS TIMING AND MEMORY 


INTERFACE 


The 8096BH has a multiplexed 
(address/data) 
bus 


which can be dynamically configured to have an 8-bit 
or 16-bit data width. There are control lines to demulti- 
plex the bus (ALE or ADV), indicate reads (RD). indi- 
cate writes (WRL and WRH, or WR with BHE and 
ADO), and a signal to indicate accesses that are for an 
instruction fetch (lNST). Section 3.5 of the MCS-96 
Architecture chapter contains an overview of the bus 
operation. 


On 8X9X devices only the 16-bit multiplexed 
bus is 


available. In addition, on 8X9X devices the WRL and 
WRH signals are not available and the functionality of 
the BHE and INST lines differs from the 8X9XBH de- 
vices. See the data sheet of the device that you use. 
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Figure 22 shows the timing of the 1:ussignals and data 
lines. Please refer to the latest data sheet for the exact 
device you are using to ensure that your system is de- 
signed to the proper specifications. The major timing 
specifications are described in Figure 23. 


When the processor has to address a memory location 
that cannot respond within the standard specifications, 
it is necessary to use the READY line to generate wait 
states. When the READY line is held low, the proces- 
sor waits in a loop for the line to come high or until the 
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VALID 


TWLWH 


VALID 


NOTES: 
1. When 
ALE function 
is selected, 
thEI signal is always 
high for TLHLL. 
When 
ADV function 
is selected, 
the signal 
is high 


for at least TLHLL. 
2. The dotted 
line applies 
for all 8-bit bus writes 
and 16-bit bus writes with the write strobe 
mode 
selected. 


3. 8-bit bus only. 
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number of inserted wait states is equal to the limit set in 
the Chip Configuration Register (see Section 2 of the 
MCS-96 Architecture 
chapter). There is a maximum 
time that the READY line can be held low without 
risking a processor malfunction due to dynamic nodes 
that have not been refreshed during the wait states. 
This time is shown as TYLYH in the data sheet. 


In most cases the READY line is brought low after the 
address is decoded and it is determined that a wait state 
is needed. It is very likely that :;ome addresses, such as 
those addressing memory mapped peripherals, would 
need wait states, and others would not. The READY 
line must be stable within the TLLYV specification af- 
ter ALE falls or the processor ,:ould lock-up. There is 
no requirement as to when READY may go high, as 
long as the maximum READY low time (TYLYH) is 
not violated. To ensure that only one wait state is in- 
serted it is necessary to provide external circuitry which 
brings READY high TLLYH after the falling edge of 
ALE/ ADV, or program the Chip Configuration Regis- 
ter to select a Ready Control limit of one. 


Internally, the chip latches READY on the first falling 
edge of Phase A after ALE/ ADV falls. Phase A is buff- 
ered and brought out externally as CLOCKOUT, 
so 
CLOCKOUT is a delayed Phase A. If a I is seen, the 
bus cycle proceeds uninterrupted with no wait state in- 
sertions. If a 0 is seen, one wait state (3 Tosc) is insert- 
ed. 


If a wait state is inserted, READY is internally latched 
on the next rising edge of Phase A. If a I is found the 
bus cycle resumes with the net impact being the inser- 
tion of one wait state. If a 0 is seen, a second wait state 
is inserted. 


The READY pin is again latched on the next rising 
edge of CLOCKOUT if two wait states were inserted. 
If the chip sees a I, the bus cycle is resumed with the 
result being an insertion of two wait states. If another 0 
is seen, a third wait state is inserted in the bus cycle and 


Definitions of A.C. timing speqfications differ slightly 
on 8X9X devices. See the data sheet for the part you 
are usingfor more information. 


Timings the Memory System Must 
Meet 


TLL YH-ALE/ 
ADV low to READY high: Maxi- 
mum time after ALE/ ADV falls until READY 
is 
brought high to ensure no more wait states. If this 
time is exceeded unexpected wait states may result. 
Nominally I Tosc + 3 Tosc X number of wait states 
desired. 


TLLYV-ALE/ADV 
low to READY 
low: Maxi- 
mum time after ALE/ ADV falls until READY must 
be valid. If this time is exceeded the part could mal- 
function necessitating a chip reset. Nominally 2 Tosc 
periods. 


TCLYX-READY 
hold after 
CLOCKOUT 
low: 
Minimum time that the value en the READY pin 
must be valid after CLOCKOUT falls. The minimum 
hold time is always zero nanoseconds. 


TYLYH-READY 
low to READY high: Maximum 
time the part can be in the not-ready state. If it is 
exceeded, the 8096BH dynamic nodes which hold the 
current instruction may 'forget' how to finish the in- 
struction. 


TAVDV-ADDRESS 
valid to DATA valid: Maxi- 
mum time that the memory has to output valid data 


after the 8096BH outputs a valid address. Nominally, 
a maximum of 5 Tosc periods. 


TAVGV-ADDRESS 
valid to BUSWIDTH 
valid: 


Maximum time after ADDRESS becomes valid until 
BUSWIDTH must be valid. Nominally less than 2 
Tosc periods. 


TLLGV-ALE/ADV 
low to BUSWIDTH 
valid: 
Maximum time after ALE/ ADV is low until BU- 
SWIDTH must be valid. If this time is exceeded the 
part could malfunction 
necessitating a chip reset. 
Nominally less than I Tosc. 


TLLGX-BUSWIDTH 
hold after ALE/ ADV low: 


Minimum time that BUSWIDTH must be valid after 
ALE/ ADV is low Nominally I Tosc. 


TRLDV-READ 
low to DATA 
valid: Maximum 
time that the memory has to output data after READ 
goes low. Nominally, a maximum of 3 Tosc periods. 


TRHDZ-READ 
high to DATA float: Time after 
READ is high until the memory must float the bus. 
The memory signal can be removed as soon as READ 
is not low, and must be removed within the specified 
maximum time from when READ is high. Nominally 
a maximum of I Tosc period. 


TRHDX-DA 
TA hold after READ goes high: Mini- 
mum time that memory must hold input DATA valid 
after RD is high. The hold time minimum is always 
zero nanoseconds. 


Figure 23. Timing Specification 
Explanations 
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that proper memory decoding takes place before it is 
output enabled. Nominally 2 Tosc periods. 


TOHCH-XT ALl high to CLOCKOUT high: Delay 
from the rising edge of XTAL I to the resultant rising 
edge on CLOCKOUT. Needed in systems where the 
signal driving XTALI is also w;ed as a clock for ex- 
ternal devices. Typically 50 to 100nanoseconds. 


TCHCH-CLKOUT 
high to CL~OUT 
high: The 
period of CLKOUT and the duration of one state 
time. Always 3 Tosc average, but individual periods 
could vary by a few nanoseconds. 


TCHCL-CLKOUT 
high to CLKOUT low: Nomi- 
nally I Tosc period. 


TCLLH-CLKOUT 
low to ALE high: A help in de- 
riving other timings. Typically plus or minus 5 ns to 
10 ns. 
. 


TCLVL-CLOCKOUT 
low to ALE/ ADV low: A 
help in deriving other timings. Nominally I Tosc. 


TLLCH-ALE/ 
ADV low to CLKOUT high: Used 
to derive other timings, nominally I Tosc period. 


TLHLL-ALE/ 
ADV 
high 
to 
ALE/ ADV 
low: 


ALE/ ADV high time. Useful in determining ALE/ 
ADV rising edge to ADDRESS valid time. Nominal- 
ly I Tosc period for ALE and I Tosc for ADV with 
back-to-back bus cycles. 


TAVLL-ADDRESS 
valid 
to 
ALE/ ADV 
low: 


Length of time ADDRESS is valid before ALE/ ADV 
falls. Important timing for address latch circuitry. 
Nominally I Tosc period. 


TLLAX-ALE/ 
ADV low to ADDRESS invalid: 
Length of time ADDRESS is valid after ALE/ ADV 
falls. Important timing for address latch circuitry. 
Nominally I Tosc period. 


TLLRL-ALE/ 
ADV low to READ or WRITE low: 


Length of time after ALE/ AD'f falls before RD or 
WR fall. Could be needed to'ensure that proper mem- 
ory decoding takes place before it is output enabled. 
Nominally I Tosc period. 


TLLHL-ALE/ 
ADV low to WRL, WRH low: Min- 
imum time after ALE/ ADV is low that the write 
strobe signals will go low. Could be needed to ensure 


TRLRH-READ 
low to READ high: RD pulse 


width, nominally I Tosc period. 


TRHLH-READ 
high to ALE/ ADV high: Time be- 


tween RD going inactive and next ALE/ ADV, also 
used to calculate time between RD inactive and next 
ADDRESS valid. Nominally I Tosc period. 


TRHBX-READ 
high to INST, BHE, AD8-IS 
In- 


active: Minimum time that the INST and BHE lines 
will be valid after RD goes high. Also the minimum 
time that the upper eight address lines (8-bit bus 
mode) will remain valid after RD goes high. Nomi- 
nally I Tosc. 


TWHBX-WRITE 
high to INST, BHE, AD8-IS 


Inactive: Minimum time that the INST and BHE 
lines will be valid after WR goes high. Also the mini- 
mum time that the upper eight address lines (8-bit bus 
mode) will remain valid after WR goes high. Nomi- 
nally I Tosc. 


TWLWH-WRITE 
low to WRITE 
high: Write 


pulse width, nominally 3 Tosc periods. 


THLHH-WRL, 
WRH low to WRL, WRH high: 


Write strobe signal pulse width. Nominally 2 Tosc 
periods. 


TQVHL-OUTPUT 
valid to WRL, WRH low: Min- 


imum time that OUTPUT data is valid prior to write 
strobes becoming active. Needed for interfacing to 
memories that read data on the falling edge of write. 
Nominally I Tosc. 


TQVWH-OUTPUT 
valid to WRITE ~h: 
Time 


that the OUTPUT data is valid before WR is high. 
Nominally 3.Tosc periods. 


TWHQX-WRITE 
high to OUTPUT not valid: 


Time that the OUTPUT data is valid after WR is 
high. Nominally I Tosc period. 


TWHLH-WRITE 
high to ALE/ADV high: Time 


between write high and next ALE/ ADV, also used to 
calculate the time between WR high and next AD- 
DRESS valid. Nominally 2 Tosc periods. 


the READY pin is again latched on the followingrising 
edge of CLOCKOUT. If internal Ready Control is not 
used, the READY line must at this point be a I to 
ensure proper operation. 


On 8X9X devices there is no internal Ready Control, 
therefore, external circuitry must completely control the 
insertion of wait states into 8X9X bus cycles. 
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The INST (Instruction) line is high during bus cycles 
that are for an instruction fetch and low for any other 
bus cycle. The INST signal (not present on 48-pin ver- 
sions) can be used with a logic analyzer to debug a 
system. In this way it is possible to determine if a fetch 
was for instructions or data, making the task of tracing 
the program much easier. 


On 8X9X devices the INST line is high during the output 
of an address that is for an instruction fetch. It is low 
during the same time for any other memory access. At 
any other time it is not valid. 


The BUSWIDTH pin is a control input which deter- 
mines 
the 
width 
of the 
bus 
a.Ccess in 
progress. 
BUSWIDTH is sampled after the rising edge of the first 
CLOCKOUT 
after ALE/ ADV goes low. If a one is 


seen, the bus access progresses as a l6-bit cycle. If a 
zero is seen, the bus access progres!:esas an 8-bit cycle. 
The BUSWIDTH setup and hold timing requirements 
appear in the data sheet. 


The BUSWIDTH pin can be overridden by causing the 
BUS WIDTH SELECT bit in the Chip Configuration 
Register (CCR) to be zero. This will permanently select 
an 8-bit bus width. However, if the BUS WIDTH SE- 
LECT bit in the CCR is a one, the BUSWIDTH pin 
determines 
the bus width. 
See Section 3.5 of the 
MCS-96 Architecture chapter. Since the BUSWIDTH 
pin is not available on 48-pin parts, the BUS WIDTH 
SELECT bit in the CCR determines bus width. 


On 8X9X devices, the 8-bit bus is not available, the CCR 
does not exist and the BUSWIDTll 
pin is named the 


TEST pin. The TEST pin is used lor testing purposes 
and should be tied to VCC in applic'2tioncircuits. 


The multiplexed bus of the 8096BH must be demulti- 
plexed before it can be used. This can be done with two 
74LS373 transparent latches for an 8096BH in l6-bit 
bus mode, or one 74LS373 for an 8096BH in 8-bit bus 
mode. As explained in Section 3.5 of the MCS-96 Ar- 
chitecture chapter, the latched address signals will be 
referred to as MAO through MAl5 (Memory Address), 
and the data lines will be called MDO through MD 15 
(Memory Data). 


Since the 8096BH can make accesses to memory for 
either bytes or words, it is necessary to have a way' of 
determining the type of access desired when the bus is 
l6-bits wide. For write cycles, the signals Write Low 
(WRL) and Write High (WRH) are provided. WRL 
will go low during all word writes and during all byte 
writes to an even location. Similarly, WRH will go low 
during all word writes and during all byte writes to an 
odd location. During read cycles, an 8096BH in l6-bit 
bus mode will always do a word read of an even loca- 
tion. If only one byte of the word is needed, the chip 
discards the byte it does not need. 


Since 8096BH memory accesses over an 8-bit wide bus 
are always bytes, only one write strobe is needed for 
write cycles. For this purpose the WRL signal was 
made to go low for all write cycles during 8-bit bus 
accesses. When a word operation is requested, the bus 
controller performs two byte-wide bus cycles. 


In many cases it may be desirable to have a write signal 
with a longer pulse width than WRL/WRH. 
The Write 


(WR) line of the 8096BH is an alternate control signal 
that shares a pin with WRL and is only available in 
16-bit bus mode. WR is nominally one Tosc longer 
than the WRL/WRH 
signals, but goes low for any 


write cycle. Therefore it is necessary to decode for the 
type of write (byte or word) desired. 


The Byte High Enable (BHE) signal and MAO can be 
used for this purpose. BHE is an alternate control sig- 
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nal that shares a pin with WRH. When BHE is low, the 
high byte of the 16-bit bus is enabled. When MAG is 
low, the lower byte is enabled. W:len MAG is low and 
BHE is low, both bytes are enabled. Figure 24 shows 
how to use WR, BHE and MAG to decode bus accesses. 
It's important to note that this decoding inserts a delay 
in the write signal which must be considered in a sys- 
tem timing analysis. 


On 8X9X devices, only the RD, u'R" and BRE signals 
are availablefor bus control. This means that discrimi- 
nating betwee!!.!!fteand word bus G'ccessesmust be done 
by decoding WR, BRE 
and MAG as described above. 


Further, the WR signal on 8X9X devices is nominally 
the same 
width as the 
WRL and 
WRR signals. 


8X9XBR devices (2 Tosc), and the BRE signal must be 
latched since it is valid only while the address is valid. 
See Figure 24 and the data sheet of the device that you 
use. 


External memory systems for the 8096BH can be set up 
in many ways. Figures 25 through 28 show block dia- 
grams of memory systems using an 8-bit bus with a 
single EPROM, 
using an 8-bit bus with RAM and 


EPROM, 
using 
a 
16-bit bus 
with 
two 
external 


EPROMs and using a 16-bit bus in a RAM and ROM 
system. 
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To verify that a system such as the one in Figure 29 will 
work with the 8096BH, it is necessary to check all of 
the timing parameters. Let us examine this system one 
parameter at a time using representative 8096BH speci- 
fications. These specifications will be different for each 
part number and temperature range, so the results of 
this example must be modified based on the most recent 
data sheet for the specific part to b.~used. 


The timings of signals that the processor and memory 
use are affected by the latch and b'Jffer circuitry. The 
timings of the signal provided by the processor are de- 
layed by various amounts of time. Similarly, the signals 
coming back from the memory are also delayed. The 
calculations involved in verifying thJ:ssystem follow: 


The address lines are delayed by passing them through 
the 74LS373s, this delay is specified at 18 ns after Ad- 
dress is valid or 30 ns after ALE is high. Since the 
signal may be limited by either the ALE timing or the 
Address timing, these two cases must be considered. 


Tosc - 25 
(TLHLL) 


Minimum Addr set-up to ALE falling = 
Tosc - 25 
(TAVLL) 


intJ 


WRH 
DIR 


WRL 


RD 


MAS-MA1S 
S 


MA1-MA77 


AO-A6 


Therefore, in the worst case, ALE would occur 0 ns 
before Address valid. 


Total delay from 8096BH Address stable to MA (Mem- 
ory Address) stable would be: 


ALE delay from address 
-:> 
74LS373 clock to output 
_3~ 
30 nanoseconds 


74LS373 Data Valid to Data Output 
= 18 nanosec- 
onds 


In the worst case, the delay in Address valid is con- 
troled by ALE and has a value of 30 nanoseconds. 


Delay of Data Transfer to/from PI'ocessor-12 
nano- 
seconds 


The RD low to Data valid specification (TRLDV) is 
3 Tosc - 
50, (200 ns at 12 MHz). The 74LS245 is 
enabled by RD and has a delay of 40 ns from enable. 
The enable delay is clearly not a problem. 


The 74LS245 is enabled for write, except during a read, 
so there is no enable delay to consider for write opera- 
tions. 


CHARACTERISTICS 
OF A 12 MHz 8096BH 
SYSTEM 
WITH 
LATCHES 


TAVDV 
Address Delay 
Data Delay 


TRLDV 
Address Delay 
Data Delay 


TLLRL 
TAVLL 
Address Delay 
WR Delay 


345.6 ns max. (5 Tosc - 
70) 
: - 
30.0 ns maximum 
: - 
12.0 ns maximum 
303.6 ns maximum 


200.0 ns max. (3 Tosc - 
50) 
00.0 ns maximum 
12.0 ns maximum 
188.0 ns maximum 


63.3 ns min. (Tosc - 
20) 
158.3 ns min. (Tosc - 
25) 
30.0 ns maximum 
00.0 ns minimum 
91.6 ns minimum 


146.6 ns min. (2 Tosc - 
20) 
146.6 ns minimum 
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TQVWH 
Data Delay 
200.0 as min. (3 Tosc - 
50) 


- 
12.0 ns maximum 
188.0 ns minimum 


TWHQX 
Data Delay 


58.3 ns min. (Tosc - 
25) 
0.0 nS.!Ilinimum (no spec) 
58.3 liSminimum 


The two memory devices which are expected to be used 
most often with the 8096BH are the 2764 EPROM and 
the 2128 RAM. The system verification for the 2764 is 
simple. 


(Address valid to Output) < Address valid to Data in 
250 ns < 303 ns O.K. 


(Output Enable to Output) < R.~d low to Data in 
100 ns < 11I8ns O.K. 


These calculations assume no address decoder delays 
and no delays on the RD (OE) line. If there are delays 
in these signals the delays must be added to the 2764's 
timing. 


The read calculations for the 212.8are similar to those 
for the 2764. 


2128-20 Tac < Address valid to Data in 


200 ns < 303 ns O.K. 


2128-20 Toe < Read low to Data in 


65 ns 
< 188 ns O.K. 


The write calculation are a little more involved, but still 
straight-forward. 


2128 Twp (Write Pulse) < Write Pulse Width 


100 ns < 146 m: O.K. 


2128 Tds (Data Setup) < Data S~tup to WR rising 
65 ns 
< 188 ns O.K. 


2128 Tdh (Data Hold) < Data Hold after WR 
o ns 
< 58 ns 


All of the above calculations have been done assuming 
that no components are in the circuit except for those 
shown in Figure 29. If additional components are add- 
ed, as may be needed for address decoding or memory 
bank switching, the calculations must be updated to 
reflect the actual circuit. 


When a single-chip system is being designed using a 
multiple chip system as a prototype, it may be neces- 
sary to reconstruct I/O Ports 3 and 4 using a memory- 
mapped I/O technique. The circuit shown in Figure 30 
provides this function. It can be attached to a 8096BH 
system which has the required address decoding and 
bus demultiplexing. 


The output circuitry is basically just a latch that oper- 
ates when IFFEH or lFFFH 
are placed on the MA 


lines. The inverters surrounding 
the latch create an 


open-collector output to emulate the open-drain output 
found on the 8096BH. The 'reset' line is used to set the 
ports to all I's when the 8096BH is reset. It should be 
noted that the voltage and current characteristics of the 
port will differ from those of the 8096BH, but the basic 
functionality will be the same. 


The input circuitry is just a bus transceiver that is ad- 
dressed at IFFEH or IFFFH. If the ports are going to 
be used for either input or output, but not both, some of 
the circuitry can be eliminated. 


Designing controllers differs from designing other com- 
puter equipment in the area of noise protection. A mi- 
crocontroller circuit under the hood of a car, in a pho- 
tocopier, CRT terminal, or a high speed printer is sub- 
ject to many types of electrical noise. Noise can get to 
the processor directly through the power supply, or it 
can be induced onto the board by electromagnetic 
fields. It is also possible for the PC board to find itself 
in the path of electrostatic discharges. Glitches and 
noise on the PC board can cause the processor to act 
unpredictably, usually by changing either the memory 
locations or the program counter. 


There are both hardware and software solutions to 
noise problems, but the best solution is good design 
practice and a few ounces of prevention. The 8096BH 
has a Watchdog Timer which will reset the part if it 
fails to execute the software properly. The software 
should be set up to take advantage of this feature. 


It is also recommended that unused areas of code be 
filled with NOPs and periodic jumps to an error routine 
or RST (reset chip) instructions. This is particularly 
important in the code around lookup tables, since if 
lookup tables are executed all sorts of bad things can 
happen. Wherever space allows, each table should be 
surrounded by 7 NOPs (the longest 8096BH instruction 
has 7 bytes) and a RST or jump to error routine in- 
struction. This will help to ensure a speedy recovery 
should the processor have a glitch in the program flow. 
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WJI[--- 
OUTPUT 


CLK 
74LS 
• 
74LS 
74LS 
1IIlO-M07 --- 
04 
m 
05 
P3 
(Xl~ 
(.1~ 
CLR 
WJm-- 


CLK 
• 
74LS 
• 
• 
74LS 
MDI-IIID15 --- 
04 
74LS 
05 
P4 
(.1~ 
m 
(Xl~ 
CLR 


RESET--- 
INPUT 


ADDR • PI, P4 --- 
RD--- 
• 
ADO-AD7 


Many hardware solutions exist for keeping PC board 
noise to a minimum, Ground planes, gridded ground 
and VCC structures, bypass capac:itors, transient ab- 
sorbers and power busses with built-in capacitors can 
all be of great help, It is much easi,:r to design a board 
with these features than to try to retrofit them later, 
Proper PC board layout is probably the single most 
important and, unfortunately, leas1;understood aspect 
of project design, Minimizing loop areas and induc- 
tance, as well as providing clean grounds are very im- 
portant. More information on protecting against noise 
can be found in the Application Nole AP-125, "Design- 
ing Microcontroller Systems for Noisy Environments", 


The MCS-96 family of products is offered in many ver- 
sions, They are available in 48-pin or 68-pin packages, 


with or without on-chip ROM/EPROM 
and with or 
without an AID converter, A summary of the available 
options is shown in Figure 3I. 


The 48-pin versions are available in ceramic and plastic 
48-pin Dual-In-Line package (DIP), The ceramic ver- 
sions have part numbers with the prefix "C", The plas- 
tic versions have the prefix "P", 


The 68-pin versions are available in a ceramic pin grid 
array (pGA), a plastic leaded chip carrier (pLCe) and 
a Type B leadless chip carrier (LCe), 
PGA devices 
have part numbers with the prefix "C", PLCC devices 
have the prefix "N", LCC devices have the prefix "R", 


Specifications for the various members of the MCS-96 
family are contained in the next chapter, 


ROMless 
With ROM 
With 
EPROM 


58-pin 
48-pln 
58-pin 
48-pln 
58-pin 
48-pin 


Without A to 0 
8096 
8396 
8796 


With A to D 
8097 
8095 
8397 
8395 
8797 
8795 
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10.0 
EPROM 
PROGRt~MMING 
(8X9XBH 
ONLY) 


The 879XBH contains 8K byte:;of ultraviolet Erasable 
and Electrically Programmable Read Only Memory 
(EPROM) for internal storage This memory can be 
programmed in a variety of ways-including 
at run- 
time under software control. 


The EPROM is ma.£E.edinto ml~morylocations 2000H 
through 3FFFH if EA is a TTL high. However, apply- 
ing + 12.75Vto EA when the ~hip is reset will place 
the 879XBH in EPROM Programming Mode. The 
Programming Mode has been implemented to support 
EPROM programming and verification. 


When an 879XBH is in Programming Mode, special 
hardware functions are available to the user. These 
functions include algorithms for slave, gang and auto 
EPROM programming. 


Three flexibleEPROM programming modes are avail- 
able on the 879XBH-auto, 
slave and run-time. These 
modes can be used to program 879XBHs in a gang, 
stand alone or run-time environment. 


The Auto Programming Mode enables an 879XBH to 
program itself, and up to 15 other 879XBHs, with the 
8K bytes of code beginning at address 4000H on its 
external bus. The Slave Mode provides a standard in- 
terface that enables any number 0; 879XBHsto be pro- 
grammed by a master device such as an EPROM pro- 
grammer. The 
Run-Time Mode allows individual 
EPROM locations to be programmed at run-time un- 
der complete software control. 


In the Programming Mode, some I/O pins have been 
renamed. These new pin functions are used to deter- 
mine the programming function that is performed, pro- 
vide programming ALEs, provide slave ID numbers 
and pass error information. Figure 33 shows how the 


pins are renamed. Figure 34 describes each new pin 
function. 


While in Programming Mode, PMODE selects the pro- 
gramming function that is performed (see Figure 32). 
When not in the Programming Mode, Run-Time pro- 
gramming can be done at any time. 


PMODE 
Programming 
Mode 


0-4 
Reserved 


5 
Slave Programming 


6-0BH 
Reserved 


OCH 
Auto Programming 
Mode 


OOH 
Program Configuration 
Byte 


OEH-OFH 
Reserved 


To guarantee proper execution, the pins of PMODE 
and SID must be in their desired state before the 
RESET pin is allowed to rise and reset the part. Once 
the part is reset, it is in the selected mode and should 
not be switched to another mode without a new reset 
sequence. 


When EA selects the Programming Mode, the chip re- 
set sequence loads the CCR from the Programming 
Chip Configuration Byte (PCCB). This is a separate 
EPROM location that is not mapped under normal op- 
eration. PCCB is only important when programming in 
the Auto Programming Mode. In this mode, the 
879XBH that is being programmed gets the data to be 
programmed from external memory over the system 
bus. Therefore, PCCR must correctly correspond to the 
memory system in the programming setup, which is not 
necessarilythe memory organization of the application. 


The followingsections describe 879XBH programming 
in each programming mode. 


SELECTS 
PROGRAtoltollNG 
tolODE 
VPP 
PORT 4 
ADDRESS 
COtoltolAND DATA PATH 
PORT 3 


HSO.O 
PACT 


PALE 


PROG 


PVER/SALE 


PDQ /SPROG 


Name 
Function 


PMODE 
PROGRAMMING 
MODE SELECT: Determines 
the EPROM programming 
algorithm 
that is performed. 
PMODE is sampled 
after a chip reset and should be static while 
the part is operating. 


SID 
SLAVE lei NUMBER: Used to assign each slave pin of Port 3 or 4 to use for passing 
programrring 
verification 
acknowledgement. 
For example, 
if gang programming 
in 
the Slave Programming 
Mode, the slave with SID = 0001 will use Port 3.1 to signal 
correct or incorrect 
program verification. 


PALE 
PROGRAMMING 
ALE INPUT: Accepted 
by an 879XBH that is in the Slave 
Programrring 
Mode. Used to indicate that Ports 3 and 4 contain a command/ 
address. 


PROG 
PROGRAIIIIMING 
PULSE: Accepted 
by 879XBH that is in the Slave Programming 
Mode. Usod to indicate that Ports 3 and 4 contain the data to be programmed. 
A 
falling edge on PROG signifies data valid and starts the programming 
cycle. A rising 
edge on PROG will halt programming 
in the slaves. 


PACT 
PROGRAMMING 
ACTIVE: 
Used in the Auto-Programming 
Mode to indicate when 
programming 
activity is complete. 


PVER 
PROGRAIIII VERIFIED: 
A signal outut after a programming 
operation 
by parts in the 
Slave Pro~lramming 
Mode. 


PD~ 
PROGRAMMING 
DURATION 
OVERFLOWED: 
A signal output by parts in the Slave 
Programming 
Mode. Used to signify that the PROG pulse applied for a programming 
operation 
was longer than allowed. 


SALE 
SLAVE AL.E: Output signal from an 879XBH 
in the Auto Programming 
Mode. A 
falling edg3 on SALE indicates 
that Ports 3 and 4 contain valid address/command 
information 
for slave 879XBHs 
that may be attached 
to the master. 


SPROG 
SLAVE PFIOGRAMMING 
PULSE: Output from an 879XBH 
in the Auto Programming 
Mode. A falling edge on SPROG indictates 
that Ports 3 and 4 contain valid data for 
programming 
into slave 879XBHs 
that may be attached 
to the master. 


PORTS 3 and 4 
ADDRESS/COMMAND/DATA 
BUS: Used to pass commands, 
addresses 
and data 
to and from slave mode 879XBHs. 
Used by chips in the Auto Programming 
Mode to 
pass command, 
addresses 
and data to slaves. Also used in the Auto Programming 
Mode as a regular system bus to access external 
memory. 
Each line should be 
pulled up to VCC through a resistor. 


The Auto Programming Mode provides the ability to 
program the internal 879XBH EPROM without having 
to use a special EPROM programmer. In this mode, 
the 879XBH simply programs itself with the data found 
at external locations 4000H through 5FFFH. All that is 
required is that some sort of external memory reside at 
these locations, that EA selects the programming mode 
and that VPP is applied. Figure 35 shows a minimum 
configuration for using an 8K x 8 EPROM to program 
one 879XBH in the Auto Programming Mode. 


The 879XBH first reads a word from external memory, 
then the Modified Quick-Pulse Programming™ 
Algo- 
rithm (described later) is used to J:rogram the appropri- 
ate EPROM location. Since the erased state of a byte is 
OFFH, the Auto Programming Mode will skip loca- 
tions where the data to be pro~lmed 
is OFFH. When 
all 8K has been programmed, PACT goes high and the 
part outputs a 0 on Port 3.0 if it programmed correctly 
and a 1 if it failed. 


10.2.1 GANG 
PROGRAMMING 
WITH 
THE AUTO 
PROGRAMMING 
MODE 


An 879XBH in the Auto Programming Mode can also 
be used as a programmer for up to 15 other 879XBHs 
that are configured in the Slave Programming Mode. 


5'/ 


O'l-1.J~ 
p.F 
- 
VSS 1 
VSS2 
AGND 
Nt.41 


87968H 
OR 
87978H 


XTAL 1 
30pF 
...L16=i0 
l'rt.4H;, 
CJ 
tl- 


30 pF 


NOTE: 
Ports 3 and 4 should 
have pullups 
to VCC. 


To accomplish this, the 879XBH acting as the master 
outputs the slave command/data 
pairs on Ports 3 and 4 
necessary to program slave parts with the same data it 
is programming itself with. Slave ALE (SALE) and 
Slave PROG (SPROG) signals are provided by the 
master to the slaves to demultiplex the commands from 
the data. Figure 36 is a block diagram of a gang pro- 
gramming system using one 879XBH in the Auto Pro- 
gramming Mode. The Slave Programming Mode is de- 
scribed in the next section. 


The master 879XBH first reads a word from the exter- 
nal memory controlled by ALE, RD and WR. It then 
drives Ports 3 and 4 with a Data Program command 
using the appropriate address and alerts the slaves with 
a falling edge on SALE. Next, the data to be pro- 
grammed is driven onto Ports 3 and 4 and slave pro- 
gramming begins with a falling edge on SPROG. At the 
same time, the master begins to program 
its own 
EPROM location with the data read in. Intel's Modi- 
fied Quick-Pulse Programming™ 
Algorithm is used, 


with Data Verify commands being given to the slaves 
after each programming pulse. 


When programming is complete PACf 
goes high and 
Ports 3 and 4 are driven with all Is if all parts pro- 
grammed correctly. Individual bits of Port 3 and 4 will 
be driven to 0 if the slave with that bit number as an 
SID did not program correctly. The 879XBH used as 
the master assigns itself an SID of O. 


intJ 


NOTE: 
EA and VPP on slaves must be !It + 12.75 Vdc. Each slave's PMODE must equal 05H. Ports 3 and 4 should have 
pullups to VCC. Minimum configurs.tionconnections must also be made for slaves. A 10 MHz clock is recommended for 
the slaves. 


SLAVE 
879XBH 


HSI 


:52 
1 0 


SLAVE 
879XBH 


HSJ 


321 
0 


SLAVE 
879XBH 


HSI 
321 
0 


SLAVE 
879XBH 


HSI 
321 
0 


:.....r 
Any number of 879XBHs .can be programmed by a 
master programmer 
through the Slave Programming 
Mode. 


The programming device uses Ports 3 and 4 of the parts 
being programmed 
as a command/data 
path. 
The 


slaves accept signals on PALE (Program ALE) and 
PROG 
(Program 
Enable) to demultiplex 
the com- 
mands and data. The slaves also use PVER, PD~ and 
Ports 3 and 4 to pass error information to the program- 
mer. 
Support 
for gang programming 
of up to 
16 


879XBHs is provided. If each part is given a unique 
SID (Slave ID Number) an 879XBH in the Auto Pro- 
gramming Mode can be used as a master to program 
itself and up to 15 other slave 879XBHs. There is, how- 
ever, no 879XBH dependent limit to the number of 
parts that can be gang programmed in the slave mode. 


It is important to note that the interface to an 879XBH 
in the slave mode is similar to a multiplexed bus. At- 
tempting to issue consecutive PALE pulses without a 
corresponding PROG pulse will produce unexpected 
results. Similarly, issuing conse<:utive PROG 
pulses 


without the corresponding PALE pulses immediately 
preceding is equally unpredictable. 


The commands sent to the slaves are 16-bits wide and 
contain two fields. Bits 14 and 15 specify the action 
that the slaves are to perform. Bits 0 through 13specify 
the address upon which the action is to take place. 
Commands are sent via Ports 3 and 4 and are available 
to cause the slaves to program a word, verify a word, or 
dump a word (Table I). The address part of the com- 
mand sent to the slaves ranges frOID2000H to 3FFFH 
and refers to the internal EPROM memory space. The 
following sections describe each slave programming 
mode command. 


P4.7 
P4.6 
Action 


0 
0 
Word Dun1p 
0 
1 
Data Verify 


1 
0 
Data Program 
1 
1 
Reserved 


DATA PROGRAM COMMAND-After 
a Data Pro- 


gram Command has been sent to the slaves, PROG 
must be pulled low to cause the data on Ports 3 and 4 
to be programmed into the location specified during the 
command. The falling edge of PROG is not only used 
to indicate data valid, but also triggers the hardware 
programming of the word specified. The slaves will be- 
gin programming 48 states after PROG falls, and will 
continue to program the location until PROG rises. 


After the rising edge ofPROG, the slaves automatically 
perform a verification of the address just programmed. 
The result of this verification is then output on PVER 
(Program Verify) and PD~ (Program Duration Over- 
flowed). Therefore, verification information is available 
following the Data Program Command for program- 
ming systems that cannot use the Data Verify com- 
mand. 


If PVER and PD~ of all slaves are Is after PROG rises 
then the data program was successful everywhere. If 
PVER is a 0 in any slave, then the data programmed 
did not verify correctly in that part. If PDQ is a 0 in 
any slave, then the programming pulse in those parts 
was terminated by an internal safety feature rather than 
the rising edge of PROG. The safety feature prevents 
over-programming in the slave mode. Figure 37 shows 
the relationship of PALE, PROG, PVER and PDQ to 
the CommandJData Path on Ports 3 and 4 for the Data 
Program Command. 


PORTS 3, -4 --{ 
ADDRESS/COMMAND 
~-----------, 


PALE--~ 
/ 
"_._-- 


\ 
VALID 
PVER~".E:£..J 


\ 
VALID 


PORTS 3, -4 -€\TA 
VERIFY COMMAND)~----_( 
VERIFICATIONBITS 
}- 


DATA VERIFY COMMAND-When 
the Data Verify 
Command is sent, the slaves respond by driving one bit 
of Port 3 and 4 to indicate correct or incorrect verifica- 
tion of the previous Data Program 
A I indicates cor- 
rect verification, while a 0 indicates incorrect verifica- 
tion. The SID (Slave ID Number) of each slave deter- 
mines which bit of the command/data 
path is driven. 
PROG from the programmer governs when the slaves 
drive the bus. Figure 38 shows the relationship of Ports 
3 and 4 to PALE and PROG. 


This command is always preceded by a Data Program 
Command in a programming system with as many as 
16 slaves. However, a Data Verify Command does not 
have to follow every Data Program Command. 


WORD 
DUMP 
COMMAND-When 
the 
Word 
Dump Command is issued, the 879XBH being pro- 
grammed adds 2000H to the addre:;s field of the com- 
mand and places the value found at the new address on 
Ports 3 and 4. For example, sending the command 
#OIOOH to a slave will result in the slave placing the 
word found at location 2100H on Ports 3 and 4. PROG 
from the programmer governs when the slave drives the 
bus. The signals are the same as shown in Figure 22. 


Note that this command will work only when just one 
slave is attached to the bus, and that there is no restric- 
tion on commands 
that precede or follow a Word 
Dump Command. 


10.3.2 GANG 
PROGRAMMING 
WITH 
THE 
SLAVE 
PROGRAMMING 
MODE 


Gang programming of 879XBHs can be done using the 
Slave Programming Mode. There is no 879XBH based 
limit on the number of chips that may be hooked to the 
same Port 3/Port 4 data path for gang programming. 


If more than 16 chips are being gang programmed, the 
PVER and PD~ outputs of each chip could be used for 
verification. The master programmer could issue a data 
program command then either watch every chip's error 
signals, or AND all the signals together to get a system 
PVER and PDO. 


If 16 or fewer 879XBHs are to be gang programmed at 
once, a more flexible form of verification is available. 
By giving each chip being programmed a unique SID, 
the master programmer could then issue a data verify 
command after the data program command. When a 
verify command is seen by the slaves, each will drive 
one pin of Port 3 or 4 with a I if the programming 
verified correctly or a 0 if programming failed. The SID 
is used by each slave to determine which Port 3, 4 bit it 
is assigned. An 879XBH in the Auto Programming 
Mode could be the master programmer if 15 or fewer 
slaves need to be programmed (see Gang Programming 
with the Auto Programming Mode). 
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10.4 
Auto Configuratlcm 
Byte 
Programming 
Mode 


The CCB (location 2018H) can be treated just like any 
other EPROM location, and programmed using any 
programming 
mode. But to provide for simple pro- 


gramming of the CCB when no other locations need to 
be programmed, 
the Auto Configuration 
Byte Pro- 


gramming 
Mode is provided. Programming 
in this 


mode also programs PCCB. Fi,gure 39 shows a block 
diagram for using the Auto Configuration Byte Pro- 
gramming Mode. 


With PMODE = ODH and OFFH on Port 4, CCB and 
PCCB will be programmed to the value on Port 3 when 
a logic 0 is placed on PALE. After programming is 
complete, PVER will be driven to a I if the bytes pro- 
grammed correctly, and a 0 if the programming failed. 


This method of programming is the only way to pro- 
grl\m PCCB. PCCB is a non-memory mapped EPROM 
location that gets loaded into CCR during the reset 
sequence when the voltage on EA puts the 879XBH in 
Programming Mode. If PCCB is not programmed us- 
ing the Auto Configuration Byte Programming Mode, 
every time the 879XBH is put into Programming Mode 
the CCR will be loaded with OFFH (the value of the 
erased PCCB location). 


However, if programming the CCB and PCCB is done 
using this Programming Mode, the PCCB will take on 
the value programmed into CCB. This means that until 
the part is erased, programming activities that use the 
system bus will employ the bus width and controls se- 
lected by the user's CCB. 


NOTES: 
1. Tie Port 3 to the value desired -10 be programmedintoCCS, and PCCS. 
2. Makeall necessary minimumconnections for power, ground and clock. 


Run-Time Programming of the 879XBH is provided to 
allow the user complete flexibility in the ways in which 
the internal EPROM is programmed. That flexibility 
includes the ability to program just one byte or one 
word instead of the whole EPROM, and extends to the 
hardware necessary to program. The only additional 
requirement of a system is that a programming voltage 
is ap~d 
to VPP. Run-Time Programming is done 
with EA at TTL-high (normal operation-internal/ex- 
ternal access). 


To Run-Time program, the user writes a byte or word 
to the location to be programmed 
Once this is done, 
the 879XBH will continue to program that location un- 
til another data read from or data write to the EPROM 
occurs. The user can therefore control the duration of 
the programming pulse to within a few mircoseconds. 
An intelligent algorithm should be implemented in soft- 
ware. It is recommended that the Modified Quick-Pulse 
Programming Algorithm be implemented. 


After the programming of a location has started, care 
must be taken to ensure that no program fetches (or 


pre-fetches) occur from internal memory. This is of no 
concern if the program is executing from external mem- 
ory. However, if the program is executing from internal 
memory when the write occurs, it will be necessary to 
use the built in "Jump to Self' located at ZOIAH. 


"Jump to Self' is a two byte instruction in the Intel test 
ROM which can be CALLed after the user has started 
programming a location by writing to it. A software 
timer interrupt could then be used to escape from the 
"Jump to Self' when the proper programming pulse 
duration has elapsed. Figure 40 is an example of how to 
program an EPROM location while execution is entire- 
ly internal. 


Upon entering the PROGRAM 
routine, the address 
and data are retrieved from the STACK and a Software 
Timer is set to expire one programming pulse later. The 
data is then written to the EPROM location and a 
CALL to location ZOIAH is made. Location ZOIAH is 
in Intel reserved test ROM, and contains the two byte 
opcode for a "Jump to Self'. The minimum interrupt 
service routine would remove the ZOIAR return ad- 
dress from the STACK and return. 


POP 
address_temp 
POP 
data_temp 
PUSH temp 


PUSHF 
LDB 
int_mask, 
#enable_swt_only 


LDB 
HSO_COMMAND, "t SWTO_ovf 
ADD 
HSO_TIME,TIMERl, 
#program_pulse 


EI 
ST 
data-temp, 
[addJ~ess_templ 
CALL 20lAH 
POPF 
RET 


swtO_expired: 
POP 
0 
RET 


;take 
parameters 
from 
the 
STACK 


;save 
current 
status 
;enable 
only 
swt 
interrups 
;load 
swt 
command to 
interrupt 
;when 
program 
puls~ 
time 
;has 
elapsed 


inter 


Protection 
mechanisms 
have been provided on the 
ROM and EPROM versions of tile 8096BH to inhibit 
unauthorized 
accesses of internal program memory. 


However, there must always be a way to allow autho- 
rized program memory dumps 
for testing purposes. 
The following describes 839XBH, 879XBH program 
lock features and the mode provided for authorized 
memory dumps. 


Write protection is provided for IEPROM parts, while 
READ 
protection 
is provided for both 
ROM and 


EPROM parts. 


Write protection is enabled by causing the LOCO bit in 
the CCR to take the value O.When WRITE protection 
is selected, the bus controller wi.ll cycle through the 
write sequence, but will not actually drive data to the 
EPROM and will not enable VPP to the EPROM. This 
protects the entire EPROM 2000H-3FFFH 
from inad- 


vertant or unauthorized 
programming, and also pre- 


vents writes to the EPROM from upsetting program 
execution. If write protection is not enabled, a data 
write to an internal EPROM location will begin pro- 
gramming that location, and continue programming 
the location until a data read of the internal EPROM is 
executed. While programming, instruction fetches from 
internal EPROM will not be successful. 


READ protection is selected by causing the LOCI bit 
in the CCR to take the value O. When READ protec- 
tion is enabled, the bus controller will only perform a 
data read from the address range 2.020H-3FFFH if the 
slave program counter is in the range 2000H-3FFFH. 
Note that since the slave PC can ':>emany bytes ahead 
of the CPU program counter, an instruction that is lo- 
cated after address 3FFAH may not be allowed to ac- 
cess protected memory, even though the instruction is 
itself protected. 


If the bus controller receives a request to perform a 
READ of protected memory, the READ sequence oc- 
curs with indeterminant 
data being returned 
to the 
CPU. 


Other enhancements were also made to the 8096BH for 
program protection. For example, the value of EA is 
latched on reset so that the device cannot be switched 
from external to internal execution mode at run-time. 
In addition, if READ protection is selected, an NMI 
event will cause the device to switch to external only 
execution mode. Internal execution can only resume by 
resetting the chip. 


10.6.2 AUTHORIZED 
ACCESS 
OF PROTECTED 


MEMORY 


To 
provide 
a 
method 
of 
dumping 
the 
internal 


ROM/EPROM 
for testing purposes a "Security Key" 


mechanism and ROM dump mode have been imple- 
mented. 


The security key is a 128bit number, located in internal 
memory, that must be matched before a ROM dump 
will occur. The application code contains the security 
key starting at location 2020H. 


The ROM dump mode is entered just like any pro- 
gramming mode (EA = 12.75V), except that a special 
PMODE strapping is used. The PMODE 
for ROM 


dump is 6H (01lOB). 


The ROM dump sequence begins with a security key 
verification. Users must place at external locations 
4020H-402FH 
the same 16 byte key that resides inside 


the chip at locations 2020H-202FH. 
Before doing a 


ROM dump, the chip checks that the keys match. 


After a successful key verification, the chip dumps data 
to 
external 
locations 
lOOOH-lIFFH 
and 
4OOOH- 


5FFFH. Unspecified data appears at the low addresses. 


Internal EPROMIROM 
is dumped to 4OOOH-5FFFH, 


beginning with internal address 2000H. 


If a security key verification is not successful, the chip 
will put itself into an endless loop of internal execution. 


NOTE: 


Substantial effort has been expended to provide an ex- 
cellent program protection scheme. However, Intel can- 
not, and does not guarantee that the protection methods 
that we have devised willprevent unauthorized access. 


intJ 


10.7 
Modified Quick-PullJe 
Programming™ 
Aluorithm 


The Modified Quick-Pulse Programming 
Algorithm 


calls for each EPROM location to receive 25 separate 
100 /LS (± 5 /Ls) program cycles. Verification of correct 
programming is done after the 25 pulses. If the location 
verifies correctly, the next location is programmed. If 
the location fails to verify, the location has failed. 


Once all locations are programmed and verified, the 
entire EPROM is again verified. 


Programming of 879XBH parts is done with VPP = 
12.75V ±0.25V and VCC = 5.0V ±0.5V. 


The 8X9XBH contains a signature word at location 
2070H. The word can be accessed in the slave mode by 
executing a word dump command. 


Device 
Signature 
Word 


879XBH 
896FH 
839XBH 
896E:H 
809XBH 
Undofined 


Initially, and after each erasure, all bits of the 879XBH 
are in the "I" state. Data is iQtroduced by selectively 


programming "Os" into the desired bit locations. Al- 
though only "Os" will be programmed, both "Is" and 
"Os" can be present in the data word. The only way to 
change a "0" to a "I" is by ultraviolet light erasure. 


The erasure characteristics of the 879XBH are such 
that erasure begins to occur upon exposure to light with 
wavelen~ths shorter 
than approximately 
4000 Ang- 


stroms (A). It should be noted that sunlight and certain 
types of fluorescent lamps have wavelengths in the 
3000-4000 A range. Constant exposure to room level 
fluorescent lighting could erase the typical 879XBH in 
approximately 3 years, while it would take approxi- 
mately I week to cause erasure when exposed to direct 
sunlight. If the 879XBH is to be exposed to light for 
extended periods of time, opaque labels must be placed 
over the EPROM's 
window to prevent unintentional 


erasure. 


The recommended erasure procedure for the 879XBH 
is exposure to shortwave ultraviolet light which has a 
wavelength of 2537A. The integrated dose (i.e., UV in- 
tensity X exposure time) for erasure should be a mini- 
mum of 15 Wsec/cm2. The erasure time with this dos- 
age is approximately 15 to 20 minutes using an ultravi- 
olet lamp with a 12000 /LW/cm2 power rating. The 
879XBH should be placed within 1 inch of the lamp 
tubes during erasure. The maximum integrated dose an 
879XBH 
can 
be 
exposed 
to 
without 
damage 
is 


7258 Wsec/cm2 (1 week @ 12000 /LW/cm2). Exposure 
of the 879XBH to high intensity UV light for long peri- 
ods may cause permanent damage. 
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All of the features available on the standard MCSqj)·96 
are present on the 8OCl96KA including: 
Register to Register Architecture 
232 Bytes of Register File 
22 Interrupt Sources With 8 Vector Locations 
High Speed 16xl6 Multiply 


High Speed 32/16 Divide 
Five 8-bit I/O Ports 
Analog to Digital Converter (AID Versions' Only) 
Pulse-Width-Modulated Output 
Full Duplex Serial Port With Dedicated Baud Rate 
Generator 
16-bit Watchdog Timer 
High Speed Subsystem With 
Up to 4 Time Capture Inputs 
Up to 6 Time Triggered Outputs 
2 16-bit Timer/Counters 
4 Software Timers 


In addition, the 8OC196KA has: 
Independent Capture of Timer 2 
Up and Down Counting on Tbner2 


2.8 /Ls 16x16 Multiply vs 6.25 /Ls on 8096BH 


4.8 /Ls 32/16 Divide vs 6.25 /Ls on 8096BH 
6 Additional Interrupt' Sources / 10Additional Vec- 
tors 
6 Additional Instructions 
Power Down and Idle Modes for Power Savings 


and many other feature enhancements. The 8OCl96KA 
can be plugged into most 8096BH designs with only a 
few minor software changes. 


This document can be used ,as a stand-alone guide to 
the features of the 80CI96KA and as a programmer's 
guide and user's manual by experienced 8096 program- 
mers. For those people who are not familiar with the 
details of programming an 8096, this manual should be 
used in conjunction with the current edition of the Em- 
bedded Controller Handbook. 


For 
the 
purpose 
of describing 
its operation, 
the 
8OCl96KA can be divided into three sections: the pro- 
cessing unit, peripheral (I/O) devices, and support cir- 
cuitry. The processing unit consists of the 16-bit CPU 
with its register ftle, the interrupt controller and the 
memory controller. Peripheral devices, a clock genera- 
tor, and some miscellaneous support circuitry make up 
the remainder of the chip. A block diagram of the 
8OC196KA is shown in Figure I. 


inter 


Internal 
operation 
of the chip is based on the oscillator 


frequency 
divided 
by two, 
giving 
the 
basic 
operating 


time unit, 
known 
as a "State 
Time". 
With 
a 10 MHz 


oscillator, 
a state time is 200 ns. With an 8 MHz oscil- 
lator, 
a state 
time 
is 250 ns, thl: same 
as that 
of an 
8096BH 
running 
with a 12 MH2. oscillator. 
Since the 


8OC196K.A will be run at many 
frequencies, 
the times 


given throughout 
this overview 
will be in state times or 


"states", 
unless otherwise 
specified. 


Either 
a crystal 
or an external 
source 
can be used 
to 
drive the on-chip 
oscillator. 
Figure 
2 shows a circuit 
for 


the oscillator 
connected 
to a crystal. 
When 
an external 


source 
is used, it is connected 
to ':he XTALI 
pin leav- 


ing the XT AL2 pin floating. 
The XT AL2 pin becomes 


a weak output 
in this mode and mllst be left unconnect- 


ed. 


Two non-overlapping 
internal 
phases are created 
by the 


clock generator: 
phase 
I and phase 
2. Phase 
2 is buff- 


ered and output 
on the CLKOUT 
pin. This is not the 


same 
as on the 
8096BH, 
since 
it uses 
a three-phase 


clock. 
Changing 
from 
a three-phase 
clock 
to a two- 
phase one speeds up the operation 
of the chip for a set 


oscillator 
frequency. 
It should 
cause 
no compatibility 


problems 
in most 
designs, 
but does cause some differ- 
ences in the system 
bus timings. 
A. detailed 
description 


of the bus timing 
is included 
in tht: electrical 
character- 


istics section 
of this document. 


!IOC196KA 


XTAL2 


The CPU on the 8OC196K.A is 16 bits wide and is con- 
nected 
to the interrupt 
controller 
and the memory 
con- 


troller 
by a 16-bit bus. In addition, 
there is an 8-bit bus 


which 
is used 
to transfer 
Opcode!i from 
the 
memory 


controller 
to the CPU. 
On the 8096 there 
is no 16-bit 


bus between 
the CPU and memory 
controller, 
so the 8- 
bit bus is used for both 
data and opcode 
transfers. 
All 


of the peripheral 
devices 
on the 
80CI96KA 
are con- 
nected 
to the CPU 
by a 16-bit bus. 


A microcode 
engine 
controls 
the CPU, 
allowing 
it to 


perform 
operations 
with any byte, word or double word 


in the 
232-byte 
Register 
File. 
Operations 
can also be 


performed 
with any of the I/O 
Control 
Registers, 
also 


called 
Special 
Function 
Registers 
(SFRs). 
With 
a flat 


architecture, 
the programmer 
is not limited 
to a single 


accumulator 
since all 256 bytes in the register 
file and 


SFR 
space 
can 
be used 
as accumulators. 
This 
elimi- 


nates 
accumulator 
bottleneck 
and allows 
the use of 3 


operand 
instructions. 
The 
internal 
hardware 
of 
the 


CPU 
is similar 
to that 
of the 
8096, except 
that 
extra 


hardware 
has been added 
to provide 
a faster multiply. 


64 Kbytes 
of addressable 
memory 
space 
are available 


on the 8OC196KA, 
most of which 
can be used for pro- 


gram 
or data 
storage. 
The 
space 
from 
lOOH through 


OFFFFH 
contains 
a small block 
of reserved 
or special 


function 
locations 
but is otherwise 
available 
to the user. 


The reserved 
locations 
must 
contain 
OFFH. 
Resetting 


the chip 
sets the program 
counter 
to location 
2080H, 


allowing 
8 Kbytes 
of RAM 
contiguous 
with the inter- 


nal RAM 
at location 
OFFH. The interrupt 
vectors, 
con- 


figuration 
byte, 
and several 
reserved 
addresses 
are lo- 


cated 
between 
2000H 
and 
207FH. 
Figure 
3 shows 
a 


memory 
map of the 8OC196K.A memory 
space. 


EXTERNAL MEMORY OR 1/0 


INTERNAL ROM/EPROM 
OR 
EXTERNAL MEMORY' 


RESERVED 


UPPER a INTERRUPT VECTORS 
(NEW ON aoc, 96KA) 


ROMIEPROM 
SECURITY KEY' 


RESERVED 


CHIP CONFIGURATION 
BYTE 


RESERVED 


LOWER a INTERRUPT VECTORS 
PLUS 2 SPECIAL INTERRUPTS 


PORT 3 AND PORT 4 


EXTERNAL MEMORY OR 1/0 


INTERNAL DATA MEMORY - REGISTER FILE 
(STACK POINTER. RAM AND SFRS) 
EXTERNAL PROGRAM CODE MEMORY 


Between OH and OFFH program execution fetches will 
always be from external memory, even if the chip has 
an onboard ROM or EPROM. This area of external 
memory is reserved for use by Intel development sys- 
tems and should not be used in applications which will 
require development tools. Data fet,~hes will always 
come from the on-chip register file and SFRs. The in- 
ternal 
RAM 
from location 01AH (26 decimal) to 
OFFH is the register file. This memory region, as well 
as the status of the majority of the chip, is kept alive 
while the chip is in the powerdown mode. (On the 8096 
only the top 16 bytes of RAM were kc:ptalive.) Details 
on powerdown mode are discussed in a later section. 


Locations 18H and 19H are considered part of the reg- 
ister fIle although they are used as tile stack pointer. 
The stack can be located anywhere in memory, internal 
or external, by using the 16-bit pointc,r. If the stack is 
not being used, these two bytes can be used as regular 
RAM. 


Locations OOHthrough l7H are the 110 control regis- 
ters or SFRs. As shown in Figure 4, two SFR windows 
are provided on the 8OC196KA. Selecting the active 
window is done by using the Window Select Register 
(WSR) at location l4H in all of the windows. 


Only two values may be written to the:WSR, 0 and 15. 
Other values are reserved for use in future parts and 
will cause unpredictable operation. 


WliR 


INT MASK1/PENDl 


nMI,R2 


INT MAS'(/PEND 


ZERO REG 


Window 0, the register window selected with WSR = 0, 
is a superset of the one used on the 8096. As depicted in 
Figure 5, it has 24 registers, some of which have differ- 
ent functions when read than when written. Figure 6 
contains brief descriptions of the registers. Detailed de- 
scriptions are contained in the section which discusses 
the peripheral device controlled by the register. 


In register Window 15 (WSR= 15). the operation of 
the SFRs is changed, so that those which were read- 
only in the 8096 SFR space are write-only and vice 
versa. The only exception to this is that TIMER2 is 
read/write in Window 0, and T2 Capture is read/write 
in Window 15. Registers which can be read and written 
in Window 0 can also be read and written in Window 
15. Details of using Window 15 are discussed in the 
peripheral description section. 


Caution must be taken when using the SFRs as sources 
of operations or as base or index registers for indirect or 
indexed operations. It is possible to not get the desired 
results, since external events can change SFRs and 
some SFRs clear when read. The potential for an SFR 
to change value must be taken into account when oper- 
ating on these registers. This is particularly important 
when high level languages are used as they do not al- 
ways make allowances for SFR-type registers. 


Listed 
registers 
are present 
in 
both windows 


WSR 


INT MASK1/PENDl 


T2CAPTURE 


INT MASK/PEND 


ZERO REG 


STACK POINTER 


'1052 


1051 


1050 


'WSR 


'INT-MASK 
1 


'INT -"END 
1 


'SP_STAT 


PORT2 


PORT1 


PORTO 


TIMER2(HI) 


TIMER2(LO) 


TIMER1 (HI) 


TIMER1 (LO) 


INT-"ENDING 


INT-MASK 


SBUF(RX) 


HSI 
STATUS 


HSL 
TIME (HI) 


HSI_ TIME (LO) 


AD_RESULT 
(HI) 


AD 
RESULT (LO) 


ZERO REG (HI) 


ZERO REG (LO) 


STACK POINTER 


PW,,",-CONTROL 


IOC1 


lOCO 


'WSR 


'INT 
MASK 1 


'INT_PEND, 


'SP 
CON 


PORT2 


PORT1 


BAUD RATE 


TIMER2(HI) 


TIMER2(LO) 


'IOC2 


WATCHOOG 


INT_PENDING 


INT_MASK 


SBUF(TX) 


HSO 
COMMAND 


HSO 
TIME (HI) 


HSO_TIME 
(LO) 


HSI-MODE 


AD 
COMMAND 


ZERO REG (HI) 


ZERO REG (LO) 


ODH 
'T2 CAPTURE (HI) 


OCH 
'T2 CAPTURE (LO) 


OTHER SFRS IN WSR 
15 BECOME READABLE 
IF THEY WERE WRITABLE 
IN WSR - 
0 AND WRITABLE 
IF THEY WERE READABLE 
INWSR 
- 
0 


Register 
Description 


- 


RO 
Zero Register - Always reads as a zero, useful for a base when indexing 
and as a 
constant 
lor calculations 
and compares. 


AD_RESULT 
AID 
Result Hi/Low 
- Low and high order results of the AID converter 


AD_COMMAND 
A/D 
Command 
Register 
- Controls 
the AID 


HSI_MODE 
HSI Mode Register - Sets the mode of the High Speed Input unit. 


HSI_TIME 
HSI Time Hi/Lo 
- Contains the time at which the High Speed Input unit was triggered. 


HSO_TIME 
HSO TimEI Hi/Lo 
- Sets the time or count for the High Speed Output to execute 
the 
command 
in the Command 
Register. 


HSO_COMMAND 
HSO Command 
Register· 
Determines 
what will happen at the time loaded into the 
HSO TimEt registers. 


HSI_STATUS 
HSI Statui> Registers 
- Indicates which HSI pins were detected 
at the time in the HSI 
Time regi~;ters and the current state of the pins. 


SBUF(TX) 
Transmit 
buffer for the serial port, holds contents 
to be outputted. 


SBUF(RX) 
Receive buffer for the serial port, holds the byte just received 
by the serial port. 


INT_MASK 
Interrupt 
Mask Register - Enables or disables the individual 
interrupts 
(also IMASK). 


INT_PENDING 
Interrupt 
Pending Register - Indicates 
that an interrupt 
signal has occurred 
on one of 
the sourCEISand has not been serviced 
(also IPEND). 


WATCHDOG 
Watchdog 
Timer Register - Written to periodically 
to hold off automatic 
reset every 
64K state times. 


TIMER1 
Timer 1 Hi/Lo 
- Timer1 high and low bytes. 


TIMER2 
Timer 2 Hi/Lo 
- Timer2 high and low bytes. 


.. 
I 


10PORTO 
Port 0 Re~lister - Levels on pins of Port O. 


BAUD_RATE 
Register which determines 
the baud rate, this register is loaded sequentially. 


IOPORT1 
Port 1 Re~lister - Used to read or write to Port 1. 


IOPORT2 
Port 2 Re~lister - Used to read or write to Port 2. 


SP_STAT 
Serial Port Status· 
Indicates 
the status of the serial port. 


SP_CON 
Serial Port Control· 
Used to set the mode of the serial port. 


10SO 
I/O Status Register 0 - Contains 
information 
on the HSO status. 


IOS1 
I/O Status Register 
1 - Contains 
information 
on the status of the timers and of the 
HSI. 


lOCO 
I/O Contwl 
Register 0 • Controls 
alternate 
functions 
of HSI pins, Timer 2 reset 
sources and Timer 2 clock sources. 


IOC1 
I/O Contwl 
Register 
1 - Controls 
alternate 
functions 
of Port 2 pins, timer interrupts 
and HSI interrupts. 


PWM_CONTROL 
Pulse Width Modulation 
Control 
Register - Sets the duration 
of the PWM pulse. 


IPEND1 
Interrupt 
Pending register for the B new interrupt vectors 
(also INT_PENDING1) 


IMASK1 
Interrupt 
~ ask register for the B new interrupt vectors 
(also INT_MASK1) 


IOC2 
I/O Control 
Register 2 - Controls 
new BOC196KA features 


IOS2 
I/O Status Register 2 - Contains 
information 
on HSO events 


WSR 
Window SEllect Register 
- Selects 
register window 


All of the program memory and the external data mem- 
ory are transferred to the CPU through the memory 
controller. Within the memory c:ontroller is a slave pro- 
gram counter, an instruction queue, and a bus control- 
ler. 


The slave program counter keeps track of the program 
counter in the CPU and requests the correct sequence 
of instructions to be fetched by the bus controller and 
stored in the queue. 


A four byte instruction queue allows the CPU to run 
faster by keeping the next instruction byte almost al- 
ways available. When the instruction flow changes, as 
with a branch or call instruction, the queue is flushed 
and refilled. The amount of time required to do this is 
included in the instruction execution times which are 
listed in other sections of this document. 


When debugging code using a logic analyzer, one must 
be aware of the queue. It is not possible to determine 
when an instruction 
will begin executing by simply 
watching when it is read since the queue is filled in 
advance of instruction execution. In addition, the algo- 
rithms which are used to keep thll queue full may cause 
instructions to be read into the 80CI96KA 
multiple 
times. 


BUSCONn~ 


PORT ~ 


PORT 3 


Both 8-bit and 16-bit bus modes are supported by the 
bus controller. A block diagram of the two modes is 
shown in Figure 7. Each mode has several variations, 
all of which are controlled by the Chip Configuration 
Register (CCR), shown in Figure 8. This register is at 
an unmapped location within the 8OCl96KA and is 
loaded from location 2018H during the chip reset se- 
quence. 


Switching between 8 and 16-bit bus modes can be done 
using the buswidth pin if the CCR is set for a 16-bit 
bus. Dynamically switching between the two modes is 
possible by changing this pin on the fly. A system using 
16-bit wide program memory for speed, but only need- 
ing one 8-bit RAM chip, could make use of this feature 
to avoid the use of another RAM or the software need- 
ed to convert word wide data into data stored in every 
other byte. 


When CCR bits 2 and 3 are both set to I the standard 
MCS-96 bus control signals are provided, as shown in 
Figure 9. WR will come out for each write. BHE will 
be valid throughout the bus cycle and can be combined 
with the WR and address line 0 to form WRL (Write 
Low byte) and WRH (Write High byte). ALE will rise 
as the address starts to come out and will fall to provide 
a signal to externally latch the address. 


The Write Strobe mode eliminates the need to external- 
ly decode WRL and WRH (See Figure 10). In 16-bit 
bus modes, WRL and WRH are provided on the WR 


a-BIT 


PORT ~ 
LATCHED 
ADDRESS HIGH 


Figure 7. Bus Width Options 


18-6 


ENABLE POWERDOWN FEATURE 


BUS WIDTH SELECT 
(16 
- 
BIT BUS /8 ----B-IT-B-U-S) 


WRITE STROBE MODE SELECT 
(WR AND BHE/WlU: 
AND WRH) 


ADDRESS VALID STROBE SELECT 


(ALE/ 
ADV) 


(tRCO) 
} INTERNAL READY 


(IRC1) 
CONTROL MODE 


(LOCO) }PROGRAM 
LOCK 
(LOCI) 
MODE 


270511-5 


ALE ..Jl"",""-------fL 
LJ 
u 


BHEI 
V_AL_ID. 
••••I 
ADO-7 
---1ADDR 
LOWI 
DATA OUT 
~ 


ADO-IS 
-1 
ADDR 
~'A 
OUT 
~ 
AD8 -15 ---1.....__ 
A_DD_R_E_SS_HI_G_H_---'~ 


ALE 11 
--fL 
ALE 


WRL 
~J 
WR 
LJ 


WRH 
~J 
ADO -7 --1ADDR LOWI 
DATA OUT 
~ 


ADO -15 -1 
ADDR 
~~ 
AD8 -15 -1 
ADDRESS HIGH 
~ 
270511-8 
270511-9 
18-B" Bu. Cycle 
8-Blt Bu. Cycle 


inter 


ADV~---l 
ADV 
I 


WRITE 
LJ 
WRITE 
U 


SHEI 
VALID 
,--- 
ADO-7 
---iADDR 
LOWI 
DATA OUT r-- 


ADO-15 ---1 
ADDR 
[DATA 
OUT r-- 
AD8-15 
~ 
ADDRESSOUT HIGH r-- 


270511-10 
270511-11 
16-BII Bus Cy,:le 
8·BII Bus Cycle 


WRITELOW 
~~ 


WRITEHIGH 
~~ 


ADO-15 -1 
ADDR 
~IATAOUT 
r-- 


270511-12 
16-BII Bus Cycle 


ADO-7 -1ADDR LOWI 
DATA OUT r-- 


AD8 -15 --1..__ A_D_D_RE_S_S_H_IG_Hr-- 


and BHE lines, respectively. Both lines go low for word 
writes, while only one line will go low for a byte write. 
The WR line is provided for 8-h.t bus modes and will 
go low for all writes. Clearing CCR bit 2 selects this 
mode. 


An Address Valid (ADV) strobe can be provided in 
place of ALE if CCR bit 3 is cleared (See Figure II). In 
this mode, ADV will go low after an external address is 
set up and stay low until the end of the bus cycle, at 
which time it will go high. This "ignal can be used to 
provide a chip select for external memory. 


Both the Address Valid Strobe .mode and the Write 
Strobe Mode can be enabled at the:same time providing 
the signals shown in Figure 12. 


The EA pin is used to determine" hether program code 
in Ihe address range 2000H through 3FFFH is fetched 
from internal memory or external memory. Since the 
8OCl96KA does not have internal memory this pin 


must be externally tied low. Future ROM and EPROM 
parts, the 83CI96KB and 87CI96KB respectively, will 
execute from internal memory if the pin is tied high. 
The EA pin is latched on chip reset and cannot be 
changed without resetting the chip. 


A READY pin limit can be set with the CCR, deter- 
mining the maximum number of wait states that will be 
allowed when the READY pin is pulled low. This elim- 
inates the need for external hardware to remove the 
READY signal prior to the next bus cycle. The IRCO 
and IRCI bits control wait states as follows: 


IRC1 
IRCO 
Description 


0 
0 
Limit to one wait state 
0 
1 
Limit to two wait states 
1 
0 
Limit to three wait states 
1 
1 
Wait states not limited internally 


inter 


When internal program memory is used, the CCR can 
set read and write protection 
~lSingthe LOCO and 
LOCI bits (CCR bits 6 and 7). A ,~eroon LOCOenables 
read protections and a zero on LOCI enables write pro- 
tection. Both read and write prot(:ction may be enabled 
at the same time by clearing both bits. 


Twenty-eight (28) sources of interrupts are available on 
the 8OC196KA. These sources are gathered into 15vec- 
tors plus special vectors for NMJ[, the TRAP instruc- 
tion, and Unimplemented 
Opcodes. Figure 13 shows 
the routing of the interrupt sources into their vectors as 
well as the control bits which enable some of the 
sources. 


NMI, 
the external Non-Maskable 
Interrupt; 
is the 


highest priority peripheral interrupt. It vectors indirect- 
ly through location 203EH. For design symmetry, a 
mask bit exists in INT_MASKI 
for the NMI. To pre- 


vent accidental masking of an NMI, the bit does not 
function and will not stop an NMJ from occurring. 


Opcode F7H, the TRAP instruction, causes an indirect 
vector through location 201OH.All unimplemented op- 
codes are mapped 
into 
a special interrupt 
vector 


through location 2012H. They act as uninterruptable 
instructions 
and take one more state time than the 


TRAP instruction. 


The interrupt sources in the 8OCl96KA are arranged in 
a fixed priority. Figure 14 shows the priorities (15 is 
highest) of the interrupts and their vector locations. If 
simultaneous interrupt requests are received, the high- 
est priority source that is both pending and enabled will 
get serviced. Software priorities can be provided by en- 
abling and disabling different interrupts 
in different 


routines. When an interrupt occurs, the 8OC196KA's 
response is identical to that of the 8096; it decrements 
the stack pointer value by 2 and then stacks the pro- 
gram counter value. Because of the additional 
16-bit 


internal bus, the 8OCl96KA interrupt response takes 
only 16/18 states (states: stack internal/external). 


EXTINT --- 
•• ------ 
EXTINT 
PIN (NEW) 
~IOC1.l 
- 
EXTINT 


TI FLAG ---- 
••••••• 
------ 
TI FLAG (NEW) 
/'------- 
SERIAL 
PORT 
RIFLAG 
RIFLAG(NEW) 


SWTO - J 
1 
SOFTWARE 
TIlAER 
RESET TllAER 2 
. 
STARTA/D-------- 


HSI.O 
PIN ---------- 
HSI.O 
PIN 


flSO 
LINES 
0 - 5 ---------HIGH 
SPEED 
OUTPUT 


HSI FIFO 
IS FULL ---.------HSI 
FIFO FULL (NEW) 


~IOC1.7 
HSI HOLDING 
RE:GISTER LOADED 
- 
HSI DATA AVAILABLE 


A/D 
CONVERSION 
COlAPLETE ---------A/D 
CONVERSION 
COlAPLETE 


TIlAER 2 OVERFLOW 
(O(IOOH OR 8000H) 
---- 
•• ------TIlAER 
2 OVERFLOW 
(NEW) 


~IOC1.J 
TllAIOR 1 OVERFLOW 
- 
TllAER 
OVERFLOW 


inter 


Number 
Source 
Vector 
Priority 
Location 


INT15 
NMI 
203EH 
15 


INT14 
HSI FIFO Full 
203CH 
14 


INT13 
EXTINTPin 
203AH 
13 


INT12 
TIMER2 
Overflow 
2038H 
12 


INT11 
TIMER2 
Capture 
2036H 
11 


INT10 
4th Entry into HSI FIFO 
2034H 
10 


INT09 
RI 
2032H 
9 


INT08 
TI 
2030H 
8 


SPECIAL 
Unimplemented 
Opcode 
2012H 
N/A 


SPECIAL 
Trap 
2010H 
N/A 


INT07 
EXTINT 
200EH 
7 


INT06 
Serial Port 
200CH 
6 


INT05 
Software 
Timer 
200AH 
5 


INT04 
HSI.O Pin 
2008H 
4 


INT03 
High Speed Outputs 
2006H 
3 


INT02 
HSI Data Available 
2004H 
2 


INT01 
AID 
Conversion 
Complet'3 
2002H 
1 


INTOO 
TImer Overflow 
2000H 
0 


The 8 lowest priority interrupts (INTO-INT7) and the 
TRAP instruction are identical to the interrupts on the 
8096. Many of the new interrupt 
vectors were created 


by separating vectors which were formerly tied to the 
same interrupt. These include: Transmit Interrupt, Re- 
ceive Interrupt, HSI FIFO Full, Timer2 Overflow and 
EXTINT (as opposed to PO.7).Tht: new interrupts add- 
ed are: 
J. HSI FIFO (not including holding register) has 4 or 


more entries 
2. Timer 2 Capture occurred (p2.7 rising edge). 


Processing of interrupts is controHed by the Interrupt 
Pending Registers, the Interrupt 
Mask Registers, and 


IPEND1: 
IMASK1: 


6 
5 
4 
3 
2 
1 
0 


I 
FIFO 
EXT 
T2 
T2 
HSI4 
RI 
TI 
FULL 
INT 
OVF 
CAP 


the Global Disable Bit. The Interrupt Pending Regis- 
ters (shown in Figure 15) have one bit for each inter- 
rupt vector. If a transition occurs to trigger a particular 
interrupt, the associated bit in the pending register is 
set. When a vector to an interrupt routine is taken, the 
associated pending bit is cleared. 


The Interrupt 
Mask Registers (lMASK, 
IMASKl) 


have bits to correspond to each interrupt and are set up 
identically to the Interrupt 
Pending Registers. Each 


mask bit can be set or cleared in software to enable or 
disable individual interrupts. These registers are also 
referred to as INT_MASK 
and INT_MASKJ. 


PSW bit 9, the global Interrupt 
Disable Bit, controls 


the entire interrupt structure. When it is cleared, all 
interrupts are disabled except NMI, TRAP and unim- 
plemented opcode. When it is set and an interrupt is 
both pending and unmasked (lpend.x= 
I, Imask.x= I), 


the interrupt service procedure begins. The highest pri- 
ority interrupt which is pending and unmasked is the 
first to occur. Interrupt servicing involves a call to the 
address stored in the interrupt 
vector location and 


clearing of the interrupt pending bit. 


The interrupt mask registers can be used to enable and 
disable specific interrupts from occurring under soft- 
ware control. By using this feature a programmer can 
determine which interrupt sources can interrupt which 
interrupt routines. There are 6 instructions which facili- 
tate this by not allowing interrupts to occur immediate- 
ly after them: 


EI, DI 
- 
Enable and disable all interrupts by tog- 
gling the global disable bit (pSW.9). 


PUSHF - 
PUSH Flags pushes the PSWIIMASK 
pair then clears it, leaving both IMASK 
and PSW.9 clear. 


POPF 
- 
POP Flags pops the PSWIIMASK 
pair 


off the stack 
PUSHA - 
PUSH All does a PUSHF, then pushes 
the 
IMASKI/WSR 
pair 
and 
clears 


IMASKI 


IPEND: 
IMASK1: 
~ 


EXl 
INT 


Figure 15. Interrupt Pending Registers 


6 
5 
4 
3 
2 
1 
0 


SER 
SOFT 
HSI.1 
HSO 
HSI 
A2D 
TIMER 
PORT 
TIMER 
PIN 
PIN 
DATA 
NONE 
OVF 


intJ 


POPA- 
POP All pops the IMASKI/wSR 
pair 
and then does a POPF 


Interrupts can also not occur immediately after execu- 
tion of any unimplemented opcode. 


TRAP - 
The software trap instruction 
SIGND - 
The signed prefix for multiply and divide 
instructions 


PUSHA, PUSHF, and DI disable interrupts until soft- 
ware changes either the interrupt mask, PSW.9 or both. 
POPA, POPF, and EI can enable interrupts and are 
frequently used at the end of an in1errupt routine, just 
prior to a RETurn. By preventing interrupts from oc- 
curring between these instructions and a RETurn, the 
RET is always executed and the stack will not build up 
needlessly. 


Interrupts 
cannot occur immediately after unimple- 
mented opcodes or the TRAP instruction, since the in- 
terrupt routine for these operatioml must have time to 
execute a PUSHF, PUSHA or DI. The SIGND prefix 
and the associated multiply or divide instructions must 
not be separated, so interrupts cannot occur after the 
SIGND opcode. 


Setting and clearing the IPEND and IPEND I registers 
is simplified since new interrupts are stored in butTer 
registers while read-modify- write operations are per- 
formed on IPEND and IPENDl. 
To set and clear bits 
in the pending registers the following sequences can be 
used: 


The 80Cl96KA 
interrupt response time has been im- 
proved as follows: 


80C196KA 


External 
Internal 
Stat:k 
Stack 


States 
1e. 
16 


80C196KA 
@ 8 MHz 
4.1; 
4.00 


80C196KA 
@ 10 MHz 
3.1) 
3.2 


Interrupt response time is measured as the elapsed time 
from the end of the previous instruction to the begin- 
ning of the first instruction of the Lnterrupt service rou- 
tine. It does not include the time needed to finish the 
current instruction or to save valu.eson the stack. 


All the instructions in the 8096 exist in the 8OCl96KA 
and perform the same function with two exceptions. 
First, the PSW bits are set in a specific manner for 
some operations where the 8096 PSW results were un- 
defined. Second, some instructions 
execute in fewer 
state times. 


Z: 
The Zero flag is set to indicate that an operation 
generated a result equal to zero. The instructions 
SUBC(B) and ADDC(B) can only clear the Z flag 
but can not set it. This makes it easier to perform 
double word arithmetic, as a zero in the high word 
will not set the zero flag. 
N: 
The Negative flag is set to indicate that the opera- 
tion generated a negative result. Note that the N 
flag will be in the algebraically correct state even if 
an overflow occurs. For shift operations, including 
the normalize operation and all three forms (SHL, 
SHR, SHRA) of byte, word and double word 
shifts, the N flag will be set to the same value as 
the most significant bit of the result. This will be 
true even if the shift count is O. 
V: 
The oVerflow flag is set to indicate that the opera- 
tion generated a result which is outside the range 
for the destination data type. For divide opera- 
tions, the following conditions are set: 
For the 
operation: 
V is set if Quotient is: 


UNSIGNED 
BYTE DIVIDE> 
255 (OFFH) 


UNSIGNED 
WORDDIVIDE> 
65535 (OFFFFH) 


SIGNED 
BYTE 
DIVIDE 


< 
-127(81H) 
or 
> 
127(7FH) 


< 
-32767(8001H) 
or 
> 
32767 (7FFFH) 


SIGNED 
WORD 
DIVIDE 


VT: The oVerflow Trap flag is set when the V flag is 
set, but it is only cleared by the CLRVT, JVT and 
JNVT instructions. This allows testing for over- 
flows in a group of operations instead of after each 
operation. 


inter 


C: 
The Carry flag is set to indicate the state of the 
arithmetic carry from the most significant bit of 
the ALU for an arithmetic operation, or the state 
of the last bit shifted out of zmoperand for a shift. 
Arithmetic Borrow after a subtract operation is the 
complement of the C flag (i.e. if the operation gen- 
erated a borrow then C=O.) 
X: 
Reserved for future. Should always be cleared 
when writing to the PSW for compatibility with 
future products. 


I: 
The global Interrupt disable bit disables all inter- 
rupts except NMI when cleared. 


ST: The STickybit is set to indic!ltethat during a right 
shift a one has been shifted into the Carry flag and 
then has been shifted out. This flag can be used 
with the carry flag to determine rounding. 


Six instructions have been added to the 8096 instruc- 
tion set to form the 80Cl96KA instruction set. The 
added instructions are: 
PUSHA - 
PUSHes 
the 
PSW, 
INT_MASK, 
IMASKl, and WSR 
POPA 
- 
POPs the PSW, INT_MASK, 
IMASKl, 


and WSR 
IDLPD - 
Sets the part into IDLE or Powerdown 
mode 
DJNZW - 
Decrement Jump Not Zero using a Word 
counter 
CMPL 
- 
Compare 2 long direct values 
BMOV - 
Block move using 2 auto-incrementing 
pointers and a counter 


Descriptions of these new instructions follow: 


1. PUSHA (push all): This instruction is used instead of PUSHF to support the 8 additional interrupts. It is similar 
to PUSHF, but pushes two words instead of one. The first word pushed is the same as for the PUSHF instruction, 
PSWlINT_MASK. 
The second word pushed is formed by the IMASKI/WSR register pair. As a result of this 
instruction the PSW, INT_MASK, 
and IMASKI registers are cleared, and the SP is decremented by 4. Inter- 
rupts are disabled in two ways by this instruction since both PSW.9 and the interrupt masks are cleared. Inter- 
rupts cannot occur between thi!iinstruction and the one followingit. 


execution: 
SP +- 
SP - 
2 
(SP) 
+- 
PSW/INLMASK 
PSW/INT_MASK +- 
0 
SP +- 
SP - 
2 
(SP) 
+- 
lMASK1/WSR 
lMASKl +- 
0 


assembly 
language 
format: 
PUSHA 
object 
code 
format: 
<11110100> 


bytes: 
1 
states: 
on-chip 
stack:12 
off-chip 
stack:18 


2. POPA (pop all): This instruction is used instead of POPF to support the 8 additional interrupts. It is similar to 
POPF, but pops two words instead of one. The first word is popped into the IMASKI/wSR 
register pair, while 
the second word is popped into the PSWlINT _MASK 
register pair. As a result of this instruction the SP is 
incremented by 4. Interrupts can not occur between this instruction and the one following it. 


execution: 
lMASK1/WSR +- 
(SP) 
SP +- 
SP + 2 
PSW/INLMASK +- 
(SP) 
SP +- 
SP + 2 


assembly 
language 
format: 
POPA 
object 
code 
format: 
<11110101> 


intef 


bytEIS: 
1 
states: 
on-chip 
stack: 
12 
off-chip 
stack: 
18 


3. IDLPD (idle/powerdown): Thi:. instruction is used for entry into the idle and powerdown modes. Selecting IDLE 


or POWERDOWN 
is done using the key operand. If the operand is not a legal key, the part executes a reset 


sequence. The bus controller wlll complete any prefetch cycle in progress before the CPU stops or resets. 


execution: 
if KEY = 1 then 
enter 
IDLE 
else 
if KEY = 2 then 
enter 
POWERDOWN 
else 
execute 
reset. 


assembly 
language 
format: 
IDLPD 
#key 
(key is 8-bit 
value) 
obj ect code 
format: 
< 11110110> 
<key> 


bytes: 
2 
states: 
legal 
key: 
8 
illegal 
key: 
25 


PSW: 


Legal 
Key 
Illegal 
Key 


Z N 
V VT C x 
I ST 
- - - - - x - - 
0 
0 
0 
0 
0 
x 
0 
0 


4. DJNZW (decrement and jump :ifnot zero word): This instruction is the same as the DJNZ except that the count 


is a word operand. A counter word is decremented; if the result is not zero the jump is taken. The range of the 
jump is -128 
to + 127. 


execution: 
COUNT 
- 
COUNT 
- 1 
if COUNT 
< > 
0 then 
PC 
- 
PC + 
disp 
(sign extended) 


assembly 
language 
format: 
DJNZW 
wreg,cadd 
object 
code 
format: 
<11100001> 
<wreg> 
<disp> 


bytes: 
3 
states: 
jump not 
taken: 
5 
jump 
taken: 
9 


PSW:mtm 


,. t.:MPL (compare long): This instruction is used to compare the magnitudes of two double word (long) operands. 


The operands are specified m:ing the direct addressing mode. Five PSW flags are set following this operation, but 
the operands are not affected. 


DST 
SRC 
assembly language format: 
CMPL Lreg.Lreg 
object code format: <11000101> 
<src Lreg> 
<dst Lreg> 


bytes: 
3 
states: 7 


6. BMOV (block move): This instruction is used to move a block of word data from one location in memory to 
another. The source and destination addresses are calculated using the indirect with auto- increment addressing 
modes. A long register addres!:es the source and destination pointers which are stored in adjacent word registers. 
The number of transfers is spc:dfied by a word register. The blocks of data can reside anywhere in memory but 
should not overlap. 


execution : 
COUNT +- 
(CNTREG) 
LOOP: SRCPTR +- 
(PTRS) 
DSTPTR 
+- 
(PTRS + 2) 
(DSTPTR) +- 
(SRCPTR) 
(PTRS) +- 
SRCPTR + 2 
(PTRS + 2) +- 
DSTPTR + 2 
COUNT +- 
COUNT - 1 
if COUNT < > 
0 then go to LOOP 


PTRS CNTREG 
assembly language format: BMOV 
Lreg.wreg 
object coc.eformat: <11000001> 
<wreg> 
<Lreg> 


bytes: 
states: 
3 
internal/internal: 
external/internal: 
external/external: 


8 per transfer + 6 
11 per transfer + 6 
14 per transfer + 6 


PSW:~ 


Notes: 


I. CNTREG does not get decremented during the instruction 
2. It is easy to unintentionally create a very long un-interruptable operation with this instruction. 
To provide an interruptable version ofBLKMOV for large blocks, the BLKMOV instruction can be used with the 
DJNZ(W) instruction. This is possible because the pointers are modified, but CNTREG is not. Consider the 
example: 


LD 
PTRS. SR~ 
;Pointer to base of sources table 


LD 
PTRS+2. ))ST 
;Pointer to base of destination table 
LD 
CNTREG. i¥COUNT;Number of words to move per set 
LD 
CNTSET. I~SETS ;Number of sets to move 
BMOV 
PTRS. CN~~REG 
;Move one set 
DJNZW CNTSET. MOVE 
;Decrement set counters and move again 


The instructions on the 80CI96KA can be divided into 
4 groups: no operand, one operand, two operand, and 
three operand. Two and three operand instructions, as 
well as the PUSH and POP instructions, can use multi- 
ple addressing modes, the remaining instructions can 
operate on any of the bytes in the register file or SFR 
space. 


To indicate the address range for the operands of each 
instruction the letters "0", "B", and "A" are used. 
"0" is the destination register and must be in the regis- 
ter file or SFR space. "A" is the second operand. It is 
addressed using one of the six addro~sing modes and 
can be located anywhere in memory, "B" is the third 
operand for three operand instructions and must be lo- 
cated in the register file or SFR spac:e.Three operand 
instructions reduce the number of temporary variables 
needed and therefore the number of move operations, 
speeding up the code for many applications. 


The address modes usable with "A" operands are listed 
below: 


Direct - The operand is specified by an 8-bit address 
field in the instruction. The operand must be in the 
Register File or SFR space. 
. 


Immediate - The operand itself follows the opcode in 
the instruction stream as immediate elata. The immedi- 
ate data can be either 8 or 16 bits wide. 


Indirect - An 8-bit address field in the instruction con- 
tains the 7-bit address of a word in the Register File 
which contains the 16-bit address of the operand. The 
operand can be anywhere in memory 


Indirect With Auto-Increment - Same as indirect, ex~ 
cept that after the operand is referenced, the word reg- 
ister which contained its address is in;remented by one 
if the operand is a byte or by two if it is a word. 


Indexed (Long and Short) - The instruction contains an 
8-bit address field and either an 8-bit or 16-bit displace- 
ment field. The 8-bit address field gives the 7-bit ad- 
dress of a word in the Register File which contains a 
16-bit base address. The 8-bit or 16-bit displacement 
field contains a signed displacement which is added to 
the base address to produce the addrels of the operand. 
The operand can be anywhere in memory. 


NOTE: 
The indexed address mode can be used with the Zero 
Register to directly address any loc!Ltionin memory. 
It can also be used with the Stack Pointer to address 
variables on the stack. 


The indexed and indirect modes of addressing on the 
80CI96KA operate in fewer state times than they do on 
the 8096 because of the extra 16-bit internal bus. 


Figures 16 and 17 show a summary of the instructions 
available on the 8OCl96KA and the number of state 
times each requires to execute. Timing 
values for 
jumps, calls and returns include the time required to 
flush the instruction queue and to fetch the opcode at 
the destination address. 


The instruction times listed are the minimum number 
of state times required for execution. (A state time is 2 
oscillator periods.) This number could increase if wait 
states are used or if the opcode and its operands are not 
prefetched and residing in the instruction queue when 
they are needed. The instruction queue is almost never 
empty when running in the 16-bit bus mode without 
wait states, so the minimum number of state times is 
almost always the correct execution time. 


As would be expected, some performance degradation 
occurs when using wait states or the 8-bit bus since the 
queue may become empty. It is very difficult to predict 
the exact queue status at all times, so the instruction 
timings can not be exactly predicted, only minimum 
and worst case timings can be calculated. 


When adding wait-states, the number of wait-states 
used, multiplied by the number of instruction fetches 
and data accesses occurring, must be added to the in- 
struction execution timing. This will provide the worst- 
case timing for an instruction sequence, the actual tim- 
ing will be between the minimum timing and the worst- 
case timing. 


In the 8-bit bus mode, the worst case timing, assuming 
no wait-states, can be calculated by adding the follow- 
ing to the minimum timings: 
2 state times for each external word write 
I state time for each external word read 
I state time for each byte that is not in the queue 
when needed (worst case is the number of bytes in 
an instruction minus I) 


Instruction execution in the 8-bit mode typically takes 
20 to 30 percent longer than in the 16-bit mode. 


Mnemonic 
Operands 
Operation 
(Note 
1) 
Flags 
Notes 


Z 
N 
C 
V 
VT 
ST 


ADD/ADDS 
2 
D-D+A 
"., 
"., 
"., 
"., 
t 
- 


ADD/ADDS 
3 
D-B+A 
"., 
"., 
"., 
"., 
t 
- 


ADDC/ADDCS 
2 
D-D+A+C 
! 
"., 
"., 
"., 
t 
- 


SUB/SUBB 
2 
D-D-A 
"., 
"., 
"., 
"., 
t 
- 


SUB/SUBS 
3 
D-B-A 
"., 
"., 
"., 
"., 
t 
- 


SUBC/SUBCB 
2 
D-D-A+C-1 
. 
! 
"., 
"., 
"., 
t 
- 


CMP/CMPB 
2 
D-A 
"., 
"., 
"., 
"., 
t 
- 


MUL/MULU 
2 
D,D + 2 - 
D x A 
I 
- 
- 
- 
- 
- 
- 
2 


MUL/MULU 
3 
D,D + 2 - 
B x A 
- 
- 
- 
- 
- 
- 
2 


MULS/MULUS 
2 
D,D + 1 - 
0 x A 
- 
- 
- 
- 
- 
- 
3 


MULB/MULUB 
3 
D,D + 1 - 
B x A 
- 
- 
- 
- 
- 
- 
3 


DIVU 
2 
o - 
(D,D + 2) / A,D + 2 - 
remainder 
- 
- 
- 
"., 
t 
- 
2 


DIVUS 
2 
D - 
(D,D + 1) / A,D + 1 - 
remainder 
- 
- 
- 
"., 
t 
- 
3 


DIV 
2 
o - 
(D,D + 2) / A,D + 2 - 
remainder 
- 
- 
- 
"., 
t 
- 


DIVB 
2 
o -(D,D 
+ 1)/A,D + 1 - 
remainder 
- 
- 
- 
"., 
t 
- 


AND/ANDB 
2 
D - 
DANDA 
"., 
"., 
0 
0 
- 
- 


AND/ANDB 
3 
D - 
BANDA 
"., 
"., 
0 
0 
- 
- 


OR/ORB 
2 
D - 
DORA 
"., 
"., 
0 
0 
- 
- 
~ 


XOR/XORB 
2 
) 
- 
D (ecxl. or) A 
"., 
"., 
0 
0 
- 
- 


LD/LDB 
2 
D-A 
- 
- 
- 
- 
- 
- 


ST/STS 
2 
A-D 
- 
- 
- 
- 
- 
- 


LDBSE 
2 
D - 
A;D + 1 - 
SIGN(A) 
- 
- 
- 
- 
- 
- 
3,4 


LDSZE 
2 
[) - 
A; D + 1 -0 
- 
- 
- 
- - 
- 
3,4 


PUSH 
1 
8P - 
SP - 2; (SP) - 
A 
- 
- 
- 
- 
- 
- 


POP 
1 
f.\ 
- 
(SP);SP + 2 
- 
- 
- 
- 
- 
- 


PUSHF 
0 
SP - 
SP - 2; (SP) - 
PSW; 
0 
0 
0 
0 
0 
0 


PSW - 
OOOOH;I - 
0 


POPF 
0 
PSW - 
(SP);SP - 
SP + 2; I - 
"., 
"., 
"., 
"., 
"., 
"., 
"., 


SJMP 
1 
PC - 
PC + 11-bit offset 
- 
- 
- 
- 
- 
- 
5 


LJMP 
1 
PC - 
PC + 16-bit offset 
- 
- 
- 
- 
- 
- 
5 


SR[indirectl 
1 
PC- 
(A) 
- 
- 
- 
- 
- 
- 


SCALL 
1 
So _ 
SP - 2; 
- 
- 
- 
- 
- 
- 
5 


(SP) - 
PC; PC - 
PC + 11-bit offset 


LCALL 
1 
SP - 
SP - 2; (SP) - 
PC; 
- 
- 
- 
- 
- 
- 
5 


PC - 
PC + 16-bit offset 


Mnemonic 
Operands 
Operation 
(Note 
1) 
Flags 
Notes 
Z 
N 
C 
V 
VT 
ST 


RET 
0 
PC +- 
(SP); SP +- 
SP + 2 
- 
- 
- 
- 
- 
- 


J (conditional) 
1 
PC +- 
PC + 8-bit offset (if taken) 
- 
- 
- 
- 
- 
- 
5 


JC 
1 
Jump ifC = 1 
- - - 
- 
- 
- 
5 


JNC 
1 
jumpifC 
= 0 
- 
- 
- 
- 
- 
- 
5 


JE 
1 
jump if Z = 1 
- - 
- 
- 
- 
- 
5 


JNE 
1 
Jump ifZ = 0 
- 
- 
- 
- 
- 
- 
5 


JGE 
1 
Jump if N = 0 
- 
- 
- 
- 
- 
- 
5 


JLT 
1 
Jump if N = 1 
- 
- 
- 
- 
- 
- 
5 


JGT 
1 
Jump if N = 0 and Z = 0 
- 
- 
- 
- 
- 
- 
5 


JLE 
1 
Jump if N = 1 or Z = 1 
- 
- 
- 
- 
- 
- 
5 


JH 
1 
Jump if C = 1 and Z = 0 
- 
- 
- 
- 
- 
- 
5 


JNH 
1 
Jump if C = 0 or Z = 1 
- - 
- 
- 
- 
- 
5 


JV 
1 
Jump if V = 0 
- - 
- 
- 
- 
- 
5 


JNV 
1 
Jump if V = 1 
- 
- 
- 
- 
- 
- 
5 


JVT 
1 
Jump if VT = 1; Clear VT 
- 
- 
- 
- 
0 
- 
5 


JNVT 
1 
Jump if VT = 0; Clear VT 
- 
- 
- 
- 
0 
- 
5 


JST 
1 
Jump if ST = 1 
- - - 
- 
- 
- 
5 


JNST 
1 
Jump ifST = 0 
- 
- 
- 
- 
- 
- 
5 


JBS 
3 
Jump if Specified 
Bit = 1 
- 
- 
- 
- 
- 
- 
5,6 


JBC 
3 
Jump if Specified 
Bit = 0 
- 
- 
- 
- 
- 
- 
5,6 


DJNZI 
1 
D +- 
D -1; 
- 
- 
- 
- 
- 
- 
5 
DJNZW 
If D*-O 
then PC +- 
PC + 8-bit offset 


DEC/DECB 
1 
D+-D-1 
"" 
"" 
"" 
"" 
i 
- 


NEG/NEGB 
1 
D+-O-D 
"" 
"" 
"" 
"" 
i 
- 


INC/INCB 
1 
D+-D+1 
"" 
"" 
"" 
"" 
i 
- 


EXT 
1 
D +- 
D; D + 2 +- 
Sign (D) 
"" 
"" 
0 
0 
- 
- 
2 


EXTB 
1 
D +- 
D; D + 1 +- 
Sign (D) 
"" 
"" 
0 
0 
- 
- 
3 


NOTINOTB 
1 
D +- 
Logical Not (D) 
"" 
"" 
0 
0 
- 
- 


CLR/CLRB 
1 
D+-O 
1 
0 
0 
0 
- 
- 


SHLlSHLB/SHLL 
2 
C +- 
msb - - - - - Isb +- 
0 
"" 
"" 
"" 
"" 
i 
- 
7 


SHRISHRB/SHRL 
2 
o -+ msb····· 
Isb -+ C 
"" 
"" 
"" 
0 
- 
"" 
7 


SHRAISHRAB/SHRAL 
2 
msb -+ msb·· 
- •• Isb -+ C 
"" 
"" 
"" 
0 
- 
"" 
7 


SETC 
0 
C+-1 
- 
- 
1 
- 
- 
- 


CLRC 
0 
C+-O 
- 
- 
0 
- 
- 
- 


---£ r 
J:\ I':'\nnt:\ 
"n~t:I 
n 


Mnemonic 
Operands 
Operation 
(Note 
1) 
Flags 
Notes 
Z 
N 
C 
V 
VT 
ST 


CLRVT 
0 
VT 
- 
0 
- 
- 
- 
- 
0 
- 


RST 
0 
PC - 
2080H 
0 
0 
0 
0 
0 
0 
8 


01 
0 
Disa,ble Allinterupts 
(I - 
0) 
- 
- 
- 
- 
- 
- 


EI 
0 
Ena Die All Interupts 
(I - 
1) 
- 
- 
- 
- 
- 
- 


NOP 
0 
PC- 
PC + 1 
- 
- 
- 
- 
- 
- 


SKIP 
0 
PC- 
PC + 2 
- 
- 
- 
- 
- 
- 


NORML 
2 
Left shift till msb = 
1;0 
- 
shift count 
"" 
"" 
0 
- 
- 
- 
7 


TRAP 
0 
SP 
- 
SP - 
2; 
- 
- 
- 
- 
- 
- 
9 


(SP) - 
PC; PC - 
(2010H) 


PUSHA 
1 
SP 
- 
SP-2; (SP) 
- 
PSW; 
0 
0 
0 
0 
0 
0 


PSW 
- 
OOOOH;SP - 
SP-2; 
(SP) - 
IMASK1 IWSR; 
IMASK1 
- 
OOH 


POPA 
1 
IMASK1/WSR 
- 
(SP); SP - 
SP+2 
"" 
"" 
"" 
"" 
"" 
"" 
PSW 
- 
(SP); SP - 
SP+2 


IDLPD 
1 
IDLE: MODE IF KEY = 1; 
- 
- 
- 
- 
- 
- 
POWERDOWN 
MODE IF KEY = 2; 
CHIP RESET OTHERWISE 


CMPL 
2 
D-A 
"" 
"" 
"" 
"" 
t 
- 


BMOV 
2 
[PTFI_HI] 
+ 
- 
[PTR_LOWl 
+ ; 
- 
- 
- 
- 
- 
- 
UNTILCOUNT=O 


NOTES: 
1. If the 
mnemonic 
ends 
in "B" 
a byte 
operation 
is performed, 
otherwise 
a word 
operation 
is done. 
Operands 
is done. 


Operands 
D, B, and A must conf:>rm 
to the alignment 
rules for the required 
operand 
type. Q and B are locations 
in the 
Register 
File; A can be located 
anywhere 
in memory. 
2. D,D + 2 are consecutive 
WORDS 
in memory; 
D is DOUBLE-WORD 
aligned. 
3. D.D + 1 are consecutive 
BYTES 
in memory; 
D is WORD 
aligned. 
4. Changes 
a byte to word. 


5. Offset 
is a 2's complement 
numb,~r. 


6. Specified 
bit is one of the 2048 bits in the register 
file. 


7. The "L" 
(Long) 
suffix indicates 
dcuble-word 
operation. 


8. Initiates 
a Reset by pulling RESET 
low. Software 
should 
re-initialize 
all the necessary 
registers 
with code starting 
at 2080H. 


9. The assembler 
will not accept 
this mnemonic. 


IFlgure 16. Instruction 
Summary 
(Continued) 


MNEMONIC 
DIRECT 
IMMED 
INDIRECT 
INDEXED 


NORMAL' 
A-INC' 
SHORT' 
LONG' 


ADD (3-op) 
5 
6 
7/9 
8/10 
7/9 
8/10 
SUB (3-op) 
5 
6 
7/9 
8/10 
7/9 
8/10 
ADD (2-op) 
4 
5 
6/8 
7/9 
6/8 
7/9 
SUB (2-op) 
4 
5 
6/8 
7/9 
6/8 
7/9 
ADDC 
4 
5 
6/8 
7/9 
6/8 
7/9 
SUBC 
4 
5 
6/8 
7/9 
6/8 
7/9 
CMP 
4 
5 
6/8 
7/9 
6/8 
7/9 
ADDB 
(3-op) 
5 
5 
7/9 
8/10 
7/9 
8/10 
SUBB (3-op) 
5 
5 
7/9 
8/10 
7/9 
8/10 
ADDB 
(2-op) 
4 
4 
6/8 
7/9 
6/8 
7/9 
SUBB 
(2-op) 
4 
4 
6/8 
7/9 
6/8 
7/9 
ADDCB 
4 
4 
6/8 
7/9 
6/8 
7/9 
SUBCB 
4 
4 
6/8 
7/9 
6/8 
7/9 
CMPB 
4 
4 
6/8 
7/9 
6/8 
7/9 


MUL (3-op) 
16 
17 
18/21 
19/22 
19/22 
20/23 
MULU 
(3-op) 
14 
15 
16/19 
17/20 
17/20 
18/21 
MUL(2-op) 
16 
17 
18/21 
19/22 
19/22 
20/23 
MULU 
(2-op) 
14 
15 
16/19 
17/20 
17/20 
18/21 
DIV 
26 
27 
28/31 
29/32 
29/32 
30/33 
DIVU 
24 
25 
26/29 
27/30 
27/30 
28/31 
MULB 
(3-op) 
12 
12 
14/17 
15/18 
15/18 
16/19 
MULUB 
(3-op) 
10 
10 
12/15 
12/16 
12/16 
14/17 
MULB 
(2-op) 
12 
12 
14/17 
15/18 
15/18 
16/19 
MULUB 
(2-op) 
10 
10 
12/15 
12/16 
12/16 
14/17 
DIVB 
18 
18 
20/23 
21/24 
21/24 
22/25 
DIVUB 
16 
16 
18/21 
19/22 
19/22 
20/23 


AND (3-op) 
5 
6 
7/9 
8/10 
7/9 
8/10 
AND (2-op) 
4 
5 
6/8 
7/9 
6/8 
7/9 
OR (2-op) 
4 
5 
6/8 
7/9 
6/8 
7/9 
XOR 
4 
5 
6/8 
7/9 
6/8 
7/9 
ANDB 
(3-op) 
5 
5 
7/9 
8/10 
7/9 
8/10 
AN DB (2-op) 
4 
4 
6/8 
7/9 
6/8 
7/9 
ORB (2-op) 
4 
4 
6/8 
7/9 
6/8 
7/9 
XORB 
4 
4 
6/8 
7/9 
6/8 
7/9 


LD/LDB 
4 
5 
5/7 
6/8 
6/8 
7/9 
ST/STB 
4 
5 
5/7 
6/8 
6/8 
7/9 
LDBSE 
4 
4 
5/7 
6/8 
6/8 
7/9 
LDBZE 
4 
4 
5/7 
6/8 
6/8 
7/9 


BMOV 
6+8 perword 
6 + 11/14 perword 


PUSH (intstack) 
6 
7 
9/12 
10/13 
10/13 
11/14 
POP (intstack) 
8 
- 
10/12 
11/13 
11/13 
12/14 
PUSH (extstack) 
8 
9 
11/14 
12/15 
12/15 
13/16 
POP (extstack) 
11 
- 
13/15 
14/16 
14/16 
15/17 


°Times 
for (Internal/External) 
Operand,; 
Figure 17a. Instruction 
Execution 
State Times 


inter 


MNEMONIC 
MNEMONIC 


PUSHF (int stack) 
6 
PUSHF (ext stack) 
8 
POPF (int stack) 
7 
POPF (ext stack) 
10 
PUSHA (int stack) 
12 
PUSHA (ext stack) 
18 
POPA (int stack) 
12 
POPA (ext stack) 
18 


TRAP (int stack) 
16 
TRAP (ext stack) 
18 
LCALL (int stack) 
11 
LCALL (ext stack) 
13 
SCALL (int stack) 
11 
SCALL (ext stack) 
13 
RET (int stack) 
11 
RET (ext stack) 
14 


CMPL 
7 
DEC/DECB 
3 
CLR/CLRB 
3 
EXT/EXTB 
4 
NOTINOTB 
3 
INC/INCB 
3 
NEG/NEGB 
3 


LJMP 
7 
SJMP 
7 
BR [indirect] 
7 
JNST, JST 
4/8 jump not taken/jump 
taken 
JNH, JH 
4/8 jump not taken/jump 
taken 
JGT, JLE 
4/8 jump not taken/jump 
taken 
JNC, JC 
4/8 jump not taken/jump 
taken 
JNVT, JVT 
4/8 jump not taken/jump 
taken 
JNV,JV 
4/8 jump not taken/jump 
taken 
JGE, JLT 
4/8 jump not taken/jump 
taken 
JNE, JE 
4/8 jump not taken/jump 
taken 
JBC,JBS 
5/9 jump not taken/jump 
taken 


DJNZ 
5/9 jump not taken/jump 
taken 
OJNZW 
5/9 jump not taken/jump 
taken 


NORML 
8 + 1 per shift (9 for 0 shift) 
SHRL 
7 + 1 per shift (8 for 0 shift) 
SHLL 
7 + 1 per shift (8 for 0 shift) 
SHRAL 
7 + 1 per shift (8 for 0 shift) 
SHR/SHRB 
6 + 1 per shift (7 for 0 shift) 
SHLlSHLB 
6 + 1 per shift (7 for 0 shift) 
SHRAISHRAB 
6 + 1 per shift (7 for 0 shift) 


CLRC 
2 
SETC 
2 
01 
2 
EI 
2 
CLRVT 
2 
NOP 
2 
RST 
15 (includes fetch of configuration 
byte) 
SKIP 
3 
10LPO 
8/25 
(proper key/improper 
key) 


inter 


There are five major peripherals on the 80C196KA: the 
serial port, analog to digital converter, pulse-width- 
modulated output, standard I/O POJ:tsand the high 
speed I/O unit. With the exception of the high speed 
I/O unit (HSIO), each of the peripherals is a single unit 
that can be discussed without further :leparation. These 
peripherals will be described after the HSIO unit. 


Four individual sections make up the HSIO and work 
together to form a very flexible timer/counter 
based 
I/O system. Included in the HSIO are a 16-bit timer 
(TIMER 1) a 16-bit up/down 
counter (TIMER2), 
a 
programm:ilile high speed input unit (HSI), and a pro- 
grammable high speed output unit (HSO). 


With very little CPU overhead the HSIO can measure 
pulse widths, generate waveforms, and create periodic 
interrupts. Depending on the application, it can per- 
form the work of up to 18 timer/counters and capture/ 
compare registers. Timerl and Timer2 are used as the 
time bases for the HSIO. After descncbingtheir opera- 
tion, the HSI and then the HSO will be discussed. 


Timerl 
is a free-running timer which is incremented 
every eight state times. It can be read and written, but 
care must be taken when writing to it if the High Speed 
I/O (HSIO) Subsystem is being used. The precautions 
necessary when writing to Timerl are described in the 
HSIO section. Timerl can cause an interrupt when it 
overflows from OFFFFH to OOOOHif enabled by setting 
IOCI.2= 
I. 


Timer2 on the 80Cl96KA 
has many enhancements 
over Timer2 on the 8096. It counts transitions, both 
positive and negative, on its input which can be either 
the T2CLK pin or the HSI.l pin depending on the state 
of IOCO.7. The maximum transition speed is once per 
state time in the Fast Increment mode, and once every 
8 states otherwise. Timer2 can be read and written and 
can be reset by hardware, software or the HSO unit. 


Interrupts 
can be generated 
if Timer2 crosses the 
OFFFFH/OOOOH boundary 
or 
the 
7FFFH/8000h 
boundary in either direction. By having two interrupt 
points it is possible to have interrupts enabled even if 
Timer2 is counting up and down centered around one 
of the interrupt points. The interrupt can be set to vec- 
tor through location 2038H or 2000H using the inter- 


. rupt mask registers and IOCI.3. 


The 
value 
in 
Timer2 
can 
be captured 
into 
the 
T2CAPture register by a rising edge on P2.7. T2CAP is 
located at OCH in register plane 15. The interrupt gen- 
erated by a capture vectors through location 2036H. 


Timer2 can be placed in the Fast Increment mode by 
setting IOC2.0. In this mode it is not synchronized to 
the HSO unit and may not work properly with the 
HSO if transitions occur faster than every 8 states. In 
addition, HSO events based on Timer2 may not occur 
as expected if a count transition occurs within 8 state 
times before or after the timer is reset by other than an 
HSO event. 


Timer2 can be made to count up or down based on the 
Port 2.6 pin ifIOC2.1 
= I. However, caution must be 
used when this feature is working in conjunction with 
the HSO. If Timer2 does not complete a full cycle it is 
possible to have events in the CAM which never match 
the timer. These events would stay in the CAM until 
the CAM is cleared or the chip is reset. 


The following control/status 
bits are associated with 
the Timer2: 


Bit = 1 
Bit = 0 


IOCO.1 
Reset Timer2 each write 
No action 
IOCO.3 
Enable external reset 
Disable 
IOCO.5 
HSI.Ois ext. reset source 
T2RST is reset source 
IOCO.7 
HSI.1 is T2 clock source 
T2CLK is clock source 
IOC1.3 
Enable Timer2 overflow int. 
Disable overflow interrupt 
IOC2.0 
Enable fast increment 
Disable fast increment 
IOC2.1 
Enable downcount feature 
Disable downcount 
P2.6 
Count clown if IOC2.1 = 1 
Count up 
IOC2.5 
Interrupt on 7FFFH/8000H 
Interrupt on OFFFFH/OOOOH 
P2.7 
CapturE!Timer2 into T2CAPture 
on risin;j edge 


iN_r 
The High Speed Input (HSI) unit can capture the value 
of Timerl 
when an event takl:S place on one of four 
input lines. Four types of evems can trigger a capture; 
rising edges only, falling edge. only, rising or falling 
edges or every eighth rising edge. Whenever the every 
eighth rising edge mode is enteNd the divide-by-8 coun- 
ter is reset, allowing very fast ptllses to be measured and 
counted. The input lines are sampled for events during 
every PhaseJ. A block diagram of this unit is shown in 
Figure 18. 


Each of the input lines can be individually programmed 
to select the type of event to trigger on using the HSI_ 
MODE register (shown in Figure 19). Several bits of 
the lOCO register enable and disable the HSI lines, as 
well as control the inputs to TI.mer2. The function of 
these bits is shown in Figure 20. 


When events occur, the Timerl value and 4 status bits 
indicating which line(s) had events get stored in a 7 
level fIfo. The next event ready to be unloaded from the 
fIfo is placed in the HSI Holding Register, so a total of 
8 pieces of data can be stored in the fIfo. If events occur 
after the fIfo is full they will nct be recorded and the 
fIfo will contain the information gathered prior to the 
overflow error condition. 


HIORl~~ 


'~6'~";;"WllOWCU" ll1 rell(flng tne HlSl_TIME 
register. 


When the high byte of the time register is read the next 
fIfo location is loaded into the holding register, so read- 
ing HSI_TIME 
before HSI_STATUS 
will result in 
getting the wrong status information. For convenience 
the HSI time register should be read as a word. The 
HSI unit is synchronized to Timerl which increments 
every 8 state times. For this reason it is required that 8 
state times elapse between reading HSI_TIME 
and the 
next HSI_STATUS. 
The 
HSI_STATUS 
register, 


shown in Figure 21, also contains bits which indicate 
the level of the HSI pins at the time that HSI_ 
STATUS is read. 


The HSI can generate interrupts in three ways: each 
time a value moves from the fIfo into the holding regis- 
ter; when the fIfo (independent of the holding register) 
has 4 or more events stored; when the fIfo has 6 or 
more events stored. The fIrst case is called FIFO_ 
LOADED, the second is FIFO_4, 
and the last case is 
called FIFO_FULL. 
Either the FIFO_LOADED 
or 


the FIFO_FULL 
interrupts can be selected by IOCJ.7 
to vector through location 2004H. The FIFO_ 4 inter- 
rupt vectors through location 2034H, and the FIFO_ 
LOADED interrupt vectors through location 203CH. 
An additional interrupt can be generated by a rising 
edge on the HSI.O pin, even if the pin is not enabled to 
the HSI unit. This interrupt vectors through location 
2008H. 


HSI.O 


HSI.l 


HSI.2 


HSI.3 


TRIGGERED 
CHANGE 
INPUT(S) 
DETECTOR 


HSI-Mode (031\1) 


~HSI.o 
MODE 


-HSI.l 
MODE 


-HSI.2 
MODE 


-HSI.3 
MODE 


WHERE 
EACH 
2 - 
BIT MODE CONTROL 
fiELD 
DEFINES 
ONE 
OF <4 POSSIBLE 
MODES: 


00 
8 POSITIVE 
TRAN'SnONS 
01 
EACH 
POSITIVE 
TRANSITION 
10 
EACH 
NEGATIVE 
TRANSITION 
11 
EVERY TRANSITION 
(POSITIVE 
AND 
NEGATIVE) 


lOCO (ISH) 


T2RST --0 
._.10CO.S 
I~ 
A'''----- 
T2 
RESET 
~. 


·-·IOCO.3 
·-·IOCO.O 


HSI.O 
;'-o~------ 
HSI 


·-·IOCO.2 
r>"-o 
------ 
HSI 


HSI.l 
~"--------- 
TIMER2 


T2CLK --0 
~_.IOCO.7 
CLOCK 


·-·IOCOA 


HSI.2 --0"-0"--------- 
HSI 


·-·IOCO.6 


HSI.3 --0"-0"--------- 
HSI 
270511-18 


HSI.O 
STATUS 


HSI.l 
STATUS 


HSI.2 
STATUS 


HSI.3 
STATUS 


WHERE 
FOR EACH 
2 - 
BIT STATUS 
FIELD 
THE 
LOWER 
131TINDICATES 
WHETHER 
OR NOT AN 
EVENT 
HAS 
OCCURRED 
ON THIS 
PIN AND 
THE UPPER 
BIT INDICATES 
THE CURRENT 
STATUS 
OF THE PIN. 


The High Speed Output (HSO) unit can generate events 
at specified times or counts based on Timer! or Timer2. 
A block diagram of the HSO unlit is shown in Figure 
22. Up to 8 pending events can be stored in the CAM 
(Content Addressable Memory) of the HSO unit at one 
time. Commands are placed into ItheHSO unit by first 
writing to HSO_COMMAND 
with the event to oc- 
cur, and then to HSO_TIME 
with the timer match 
value. Although HSO_TIME 
is usually written as a 
word, it is the writing of the high byte which sends the 
command into the CAM. Since the HSO is synchroniz- 
ed to Timer! and the HSI, 8 state times must elapse 
between writing to HSO_TIME 
and writing the next 
HSO_COMMAND. 


Sixteen different types of events can be triggered by the 
HSO: 8 external and 8 internal. There are two interrupt 
vectors associated with the HSO. The one at 2006H is 
used for external events, the one at 200AH, called the 
Software Timer Interrupt, 
is used for internal events. 


External events consist of switching up to 6 lines, 
HSO.O through 
HSO.5. These lines switch during 
Phase!. (Note that HSO.4 and HSO.5 are shared with 
HSI.2 and HSI.3.) 


Internal events include setting up 4 Software Timers, 
resetting Timer2, and starting an A to D conversion. 
The software timers are flags that can be set by the 
HSO and optionally cause interrupts. The format for 
the HSO commands is shown in Figure 23. Note that 
commands DC and OD will act as additional software 
timer commands with no associated status bit. They are 
useful only if the interrupt bit (bit4) is set in the HSO_ 
COMMAND. 


inter 


-23 
I 
I CAN fiLE 
I 
I 
7~---16 
. 


HIGH 
SPEED 
OUTPUT 
CONTROLS 
6 PINS 
4 SOFTWARE 
TIMERS 
2 INTERRUPTS 
INITIATE 
AID 
CONVERSION 
RESET 
TIMER2 


6 
5 
4 
3 
I 
2 
I 
1 
I 
1 


A 
TMR2I 
SETI 
INTI 
CHANNEL 
K 
TMR1 
CLEAR 
INT 
~ 


HSO_ 
CAI 
COMMAND 
LOC 


CAM Lock 
- 
Locks event in CAM if this is enabled by IOC2.6 (ENA-LOCK) 


TMR/TMR1 - 
Events Based on Timer2 I Based on Timer1 if 0 
SETICLEAR - 
SEltHSO line I Clear HSO line if 0 
INTliNT 
- 
Cfluse Interrupt I No interrupt if 0 
CHANNEL: 
0-5: 
HSO lines 0-5 
(in Hex): 
6 : 
HSO lines 0 and 1 
7: 
HSO lines 2 and 3 


8-13: 
Software Timers 0-4 
C-D: Unflagged Events 
E: 
Reset Timer2 
F: 
Start A to D conversion 


The CAM Lock bit (HSO_Command.7) 
can be set to 


keep commands in the CAM, otherwise the commands 
will clear from the CAM as soon as they cause an 
event. This feature is best used to generate periodic 
events based on Timer2 and must b~ enabled by setting 
IOC2.6. To clear locked events froDl the CAM, the en- 
tire CAM must be cleared by writing a one to the CAM 
clear bit IOC2.7. A chip reset will also clear the CAM. 
It is possible to cancel individual external events by 
writing the opposite event to the CAM and setting it to 


occur at the same time. Both of these events will then 
remain in the CAM until the time tag is matched. 


Since HSO events are dependent on exact matches of 
the timers with the values in the CAM, it is important 
to be very careful when using timers in any mode ex- 
cept continuous counting in one direction. If Timer2 is 
used in the Fast Count mode, the HSO should not be 
used if counts could occur faster than once every 8 state 
times. 


inter 


A status register, IOS2, has been added to the 8OC196KA to indicate which events have been generated by the HSO 
unit. IOS2 is cleared whenever it is accessed (a jump on bit is considered an access). The correspondence between the 
HSO events and the bits in the IOS2 :18 shown below. 


IOS2:~6 
~:;14 


Bits 0 through 5 indicate that a command affecting the corresponding HSO pin was executed. Bits 6 and 7 indicate 
occurrence of HSO_CMD_14 
and HSO_CMD_15 
respectively (Reset Timer2 and Start AID Converter.) This 
register clears on read. 


The 10SO register contains the status of the HSO lines. When WSR = 15, writing to this register changes the values 
on the HSO pins. However, the HSO can change this written value by executing a command. The 10SO register 
format is shown below. - 


IOSO:~6 
~~M 


Bits 0 through 5 indicate the state of the I/O line. Bits 6 and 7 indicate that a space is available in the CAM and a 
space is available in the holding regisl;er, respectively. 


The serial port on the 8OC196KA has three full-duplex asynchronous modes and one synchronous mode. All of the 
modes are compatible with the other MCS@-96parts and members of the MCS@-51 product family. The synchro- 
nous mode is called Mode 0, the asynchronous modes are called Modes 1, 2 and 3. An independent baud rate 
generator determines the baud rate for all of the modes. The baud rate value is different than that used for the 8096. 


Mode 0 synchronous operation uses the RXD pin to input or output data 8 bits at a time. TXD is used to output the 
clock signal. The low time of the c1o<:kis always two states except in the fastest mode. In the fastest mode, set by 
entering a 8001H into the baud registe,r,the low and high times of the clock are each one state time. Figure 24 shows 
the relative timings of the serial port operating in Mode o. 


Mode 1 is the standard asynchronous serial communication mode. A lO-bit frame (shown in Figure 25) is transmit- 
ted or received using a start bit, 8 data bits, and a stop bit. If parity is enabled by setting PEN= 1, an even parity bit 
is sent instead of the 8th data bit and parity is checked on reception. 


Mode 2 is the 9th bit recognition mode and is frequently used with Mode 3 in interprocessor communication. In this 
mode an Il-bit frame (shown in Figure 25) consisting of a start bit, 9 data bits, and a stop bit are sent and received. 
When transmitting, the 9th bit can be set using TB8. During reception the RI flag and interrupts will not be set 
unless the 9th data bit is high. Parity cannot be enabled in this mode. 


Mode 3 uses the same Il-bit frame as Mode 2. When transmitting, parity can be enabled, providing 8 data bits and 
an even parity bit in place of the 9th data bit. When receiving, the RI bit is always set and the RB8 bit contains the 
value of the 9th data bit. If parity is enabled, (PEN = 1), the RB8IRPE bit will indicate a parity error if one occurs. 


RXD (In) ~\~f"""'"\v~"vQ"v~"v~r-V~f"""'"\v~"v';J,r- 


-JI....J\-.I\-.I\-.I\-.I\-.I\-.I\....J\.-J\-.I\-J\-.I\-.I\-.I\-J\.-. 


STOP 
\ 
START ~ 
DO 
'-1---- 


D3 
...-nI OF DATA 
PftOGRAllMABLE 11THBIT --- 


ll-BITFRAME 


Baud rates are generated based on either the T2CLK 
pin or XTALI pin. Baud rates an: calculated using the 
following formulas where BAUD_REG 
is the value 
loaded into the baud rate register: 


Asynchronous 
Modes 1, 2 ancl 3: 


BAUD_REG 
= B 
XTAL1 
- 
1 
OR 
aud Rate· 16 


T2CLK 
BaudRate· 8 


Synchronous 
Mode 0: 


BAUD_REG 
= 
XTAL1 
_ 1 
OR 
T2CLK 
Baud Rate· 2 
Baud Rate 


The most significant bit in the baud register value is set 
to a one to select XTAL I as the source. If it is a zero 


the T2CLK pin becomes the source. The following ta- 
ble shows some typical baud rate values: 


BAUD 
XTAL1FREQUENCY 
RATE 
8.0 MHz 
10.0 MHz 
12.0 MHz 


300 
1666/ -0.02 
2082/0.02 
2499/0.00 
1200 
416/ -0.08 
520/-0.03 
624/0.00 
2400 
207/0.16 
259/0.16 
312/ -0.16 
4800 
103/0.16 
129/0.16 
155/0.16 
9600 
51/0.16 
64/0.16 
77 / 0.16 
19.2K 
25/0.16 
32/1.40 
38/0.16 


A maximum baud rate of 750 Kbaud is available in the 
asynchronous 
modes with 12MHz on XTALI. 
The 
synchronous mode has a maximum rate of 3.0 Mbaud 
with a 12MHz clock. Location OEH is the Baud Regis- 
ter. It is loaded sequentially in two bytes, with the low 
byte being loaded first. This register may not be loaded 
with zero in serial port Mode O. 


Reading the serial port is' done through 
the Serial 
BUFfer receive (SBUF(RX)) register at location 7. This 
register is double butTered so dah 
can continually be 
received. Writing to the serial port is done through 
SBUF(TX), also addressed at location 7. This register is 
double butTered on the 80CI96KA to allow two bytes 
at a time to be written t~ the serial port. 


Serial port control is done through 
the Serial Port 
CONtrol 
(SP_CON) 
register at location IIH. 
This 
register is write-only in Window () and has the follow- 
ing format: 


TB8 
- 
Sets the ninth data bit for transmission. 
Cleared after each tran:,mission. Not valid if 
parity is enabled 
REN 
- 
Enables the receiver 
PEN 
- 
Enables the Parity function (even parity) 
M2,MI-Sets 
the mode. Mode()= 00, Model =01, 
Mode2 = 10, Mode3 = II 


The status of the serial port is read through the bits in 
the Serial Port STATus (SP_ST AT) register, also at 
location IIH. Figure 21 shows the status bits of this 
register. On the 80CI96KA 
the SP_STAT 
register 
contains new bits to indicate receive Overrun Error 
(OE), Framing 
Error 
(FE), and Transmiter 
Empty 
(TXE). The bits which were also present on the 8096 
are the Transmit Interrupt (TI) bit, the Receive Inter- 
rupt (RI) bit, and the Received Bit 8 (RB8) or Receive 
Parity Error (RPE) bit. SP_STAT 
is read-only in 
Window 0 and has the following format: 


7 
6 
5 
4 
3 
2 
1 
0 


RB8/ 
RI 
RPE 
TI 
FE 
TXE 
OE 
X 
X 


RB8 
- 
Set if the 9th data bit is high on reception 
(parity disabled) 


RPE 
- 
Set if parity is enabled and a parity error 
occurred 
RI 
- 
Set at the end of the STOP bit reception 
TI 
- 
Set at the beginning of the STOP bit trans- 
mission 
FE 
- 
Set if no STOP bit is ~Jund at the end of a 
reception 


TXE 
- 
Set if two bytes can be sent to SBUF(TX) 
OE 
- 
Set if a byte is lost because SBUF was not 
read fast enough 


The receiver on the 80CI96KA checks for a valid stop 
bit. When one is detected, the data in the receive shift 
register. is loaded into SBUF(RX). If a stop bit is not 
found within the appropriate time the Framing Error 
(FE) bit is set. In either case, the data in the receive 
shift register is loaded into SBUF(RX) and the RI bit is 
set. 
If 
this 
happens 
before 
the 
previous 
byte 
in 
SBUF(RX) is read, the Overflow Error (OE) bit is set. 
The data in SBUF(RX) will always be the latest byte 
received; it will never be a combination of the two 
bytes. When the RI bit is set it can cause an interrupt 
through the vectors at locations 200cH 
and 2032H. 


The RI, OE, and FE bits are reset when SP_STAT 
is 
read. 


The Transmitter Empty (TXE) bit is set if the transmit 
FIFO is empty and ready to take up to two characters 
to be sent. TXE gets cleared as soon as a byte is written 
to SBUF. Two bytes may be written consecutively to 
SBUF if TXE is set. One byte may be written if TI 
alone is set. By definition, if TXE has just been set, a 
transmission has completed and TI will be set. When 
the TI bit is set it can cause an interrupt through the 
vectors at locations 
200CH and 2032H. The user 
should not mask otTthis interrupt when using the dou- 
ble-butTeredfeature of the transmitter, as it could cause 
a missed count in the number of bytes being transmit- 
ted. The TI bit is reset when the CPU reads the SP_ 
STAT registers. 


The 80CI96KA A-to-D converter has 10bits ofresolu- 
tion and can be run in modes compatible with either the 
8096-90 or the 8096BH. Conversions can be performed 
on one of eight channels, the inputs of which share pins 
with port O. The A to D includes a switchable Sample 
and Hold feature for the selected channel and does the 
conversion in as little as 91 state times. 


Conversions are started by loading the AD_COM- 
MAND register at location 02H with the channel num- 
ber. The conversion can be started immediately be set- 
ting the GO bit to a one. If it is cleared the conversion 
will start when the HSO unit triggers it. The AD_ 
COMMAND register has the following format: 


ATOD_ 
COMMAND: 
7 
6 
5 
4 
3 
2 I 1 I 0 


X 
X 
X 
X 
GO 
CHANNEL 
NUMBER 


inter 


The A-to-D converter can cause an interrupt to occur through the vector at location 2002H when it completes a 
conversion. It is also possible to use a polling method by checking the Status (S) bit in the lower byte of the AD_ 
RESULT register, also at location 02H. The status bit will be a I while a conversion is in progress. It takes 8 state 
times to set this bit after a convt:rsion is started. The upper byte of the result register contains the most significant 8 
bits of the conversion. The lower byte format is shown below: 


ATOD_ 
RESULT_ 
LO: 


7 I 
6 
5 
4 
3 
2 I 
1 I 
0 


LOWEST 2 
CHANNEL 
RESULT 
X 
X 
S 
NUMBER 
BITS 


At high crystal frequencies, more time is needed to allow the comparator to settle. For this reason IOC2.4 is 
provided to adjust the speed of the A-to-D conversion by disabling/enabling a clock prescaler. At low frequencies the 
leakage currents cause the sample and hold not to work accurately, so IOC2.3 is provided to turn the sample and 
hold feature ofT. 


A summary of the conversion time for the four options is shown below. The numbers represent the number of state 
times required for conversion, e.I~.,91 states is 22.7 p.s with an 8 MHz XTALl (providing a 250 ns state time.) 


IOC2.3 I/O = Sample and Hold ofT/on 
IOC2.4 I/O = A to D Clock Prel;caler ofT/on 
IOMHz XTALl maximu.m with prescaler ofT 


Clock 
Prescaler 
On 
Clock 
Prescaler 
Off 
IOC2.4=0 
IOC2.4=1 


IOC2.3=0 
158 states 
91 states 
91 states 
wlthS&H 
26.33 p.s @ 12 MHz 
22.75 p.s @ 8 MHz 
18.2 P.s @ 10 MHz 


OC2.3= 
1 
293 states 
163 states 
163 states 
wlthoutS&H 
48.83 p.s @ 12 MHz 
40.75 p.s @ 8 MHz 
32.6 p.s @ 10 MHz 


3.7 PULSE-WIDTH-MODULATION 
OUTPUT 
(PWM) 


The PWM output unit is an 8-bit counter which incre- 
ments every state time. When tht: counter equals zero 
the output is set high, when it equals the value in the 
PWM register (location l7H) the output goes low. This 
provides an approximation 
to an analog output for 
driving motors and other similar devices. A block dia- 
gram of the PWM unit and examples of PWM wave- 
forms are shown in Figures 26 and 27 respectively. The 
8OC196KA PWM unit has a prescaler bit (divide by 2) 
which is enabled by setting IOC2.~:= I. This allows the 
counter to have a period of 512 state times instead of 
256. The PWM frequencies are as follows: 


XTAL1 
= 
8 MHz 
10 1111Hz 
12 MHz 


IOC2.2=0 
15.6 KHz 
19.6 KHz 
23.6 KHz 
IOC2.2=1 
7.8 KHz 
9.8 KHz 
11.8 KHz 


inter 


DUTY 
PWM COHTI~OL 


CYCLE 
REGISTER 
V,'LUE 
OUTPUT 
WAVEFORM 


0% 
00 
HI 
LO 


10% 
25 
~~J1 
n 
n 


50% 
128 
HI 


LO 


110% 
230 
HI ..J 
U 
U 
LO 
...., 
255 
HI 


LO 
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Figure 27. PWM Waveforms 


Five 
(5) 
8-bit 
I/O 
ports 
are 
a'/ailable 
on 
the 
80C196KA. Port 0 (location OEH) is an input only port 
which shares its pins with the A to D converter. Port I 
(location OFH) is a quasi-bidirectional port. Port 2 (10- 
eation IOH) has multiple functions on its pins as shown 
in Figure 28. 


Quasi-bidirectional pins can be used as input and out- 
put pins without the need for a data direction register. 
They output a strong low value and a weak high value. 
The weak high value can be externally pulled low pro- 
viding an input function. Figure 29 shows the configu- 
ration of a CHMOS quasi-bidirectional port. Note that 
it is not identical to the NMOS version. 


Outputting a 0 on a quasi-bidirectional pin turns on the 
strong pull-down and turns off all of the pull-ups. 
When a I is output the pull-down is turned off and 3 
pull-ups (strong-PI, weak-P3, very weak-P2) are turned 
on. Each time a pin switches from 0 to I transistor PI 
turns on for two state times. P2 remains on until a zero 
is written to the pin. P3 is used as a latch, so it is turned 
on whenever the pin is above the threshold 
value 
(around 2V). 


To reduce the amount of current which flows when the 
pin is externally pulled low, P3 is tumed off when the 
pin voltage drops below the threshold. The current re- 
quired to pull the pin from a high to a low is at its 
maximum just prior to the pull-up turning off. An ex- 
ternal driver can switch these pins easily. The maxi- 
mum current required occurs at the threshold voltage 
and is approximately 700 /LA. 


Ports 3 and 4 are open drain I/O ports which share 
their pins with the System Bus. The port 3 and 4 pins 
will act as port pins if the EA pin is set for internal 
access and external memory is not being accessed. In all 
other cases the ports must be reconstructed with exter- 
nal hardware since the system bus uses the pins. Since 
external 
memory 
is 
always 
required 
with 
the 
8OC196KA, these ports must be reconstructed by plac- 
ing latches at addresses IFFE and IFFFH in external 
memory. Future ROM and EPROM parts will be able 
to use the on-chip ports. By using tJ:1eport reconstruc- 
tion feature it is possible to build a multi-chip system 
which is exactly software compatible with a single-chip 
system. 


PIN FUNC. 
ALTERNATE 
CONTROL 
FUNCTION 
REG. 


2.0 Output TXD (Serial Port Transmit) 
IOC1.5 


2.1 
Input 
RXD (Serial Port Receive) 
SPCON.3 


2.3 
Input 
T2CLK (Timer2 Clock & Baud) IOCO.7 


2.4 
Input 
T2RST (Timer2 Reset) 
IOCO.5 


2.5 Output PWMOutput 
IOC1.0 


2.6 OBD" 
Timer2 up/down select 
IOC2.1 


2.7 OBD" 
Timer2 Capture 
N/A 


"QBD = Quasi-bidirectional 
Figure 28. Port 2 Multiple Functions 
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CHMOS 
Configuration. 
pFET 
1 is turned 
on for 2 osc. periods 
after a makes 
a 1-to-0 transition. 
During this time. pFET 
1 
also turns 
on pFET 3 through 
thE. inverter 
to form a latch which 
holds the 1. pFET 2 is also on. 


I/O register expansion on the n.ew CHMOS members of the MCS-96 family has been provided by making two 
register windows available. Switching between these windows is done using the Window Select Register (WSR). The 
PUSHA and POPA instructions can be used to push and pop the WSR and second interrupt mask when entering or 
leaving interrupts, so it is easy to change between windows. 


On the 8OC196KA only Window 0 and Window 15 are active. Window 0 is a true superset of the standard MCS-96 
SFR space, while Window 15 allows the read-only registers to be written and write-only registers to be read. The 
only major exception to this is tht: Timer2 register which is the Timer2 capture register in Window 15.The writeable 
register for Timer2 is in Window O. There are also some minor changes and cautions. The descriptions of the 
registers which have different functions in Window 15 than in Window 0 are listed below: 
AD_COMMAND 
(02H) 
- 
Rlllld the last written command 
AD-RESULT 
(02H, 03H) - 
Write a value into the result register 
HSI_MODE 
(03H) 
- 
Read the value in HSI_MODE 
HSI_TIME 
(04H,05H) 
- 
Write to FIFO Holding register 
HSO_TIME 
(04H,05H) 
- 
Rt:ad the last value placed in the holding register 
HSI_STATUS 
(06H) 
- 
Write to status bits but not to HSI pin bits. (Pin bits are 1,3,5,7). 
HSO_COMMAND 
(06H) - 
Read the last value placed in the holding register 
SBUF(RX) (07H) 
- 
Write a value into the receive buffer 
SBUF(TX) (07H) 
- 
Read the last value written to the transmit buffer 
WATCHDOG(OAH) 
- 
Read the value in the upper byte of the WDT 
TIMERI (OAH,OBH) 
- 
Wlite a value to Timer! 
TIMER2 (OCH,ODH) 
- 
Read/Write the Timer2 capture register. 
(Timer2 read/write is done with WSR = 0) 
- 
LaM written value is readable, except bit 7 (note 1) 
- 
No function, cannot be read 
- 
No function, no output drivers on the pins 
- 
Set the status bits, TI and RI can be set, but it will not cause an interrupt 


IOC2(OBH) 
BAUD_RATE 
(OEH) 
PORTO (OEH) 
SP_STAT(llH) 


inter 


- 
Rl:ad the current 
control 
byte 


- 
Writing 
to this register 
controls 
the HSO pins. Bits 6 and 7 are inactive 
for writes. 


- 
Last written 
value is readable, 
except 
bit I (note 
I) 


- 
Writing 
to this register 
will set the status 
bits, but not cause interrupts. 
Bits 6 and 7 
are not functional 


lOCI 
(16H) 
- 
Last written 
value is readable 


IOS2 (17H) 
- 
Writing 
to this register 
will set the status 
bits, but not cause interrupts. 


PWM_CONTROL 
(17H) - 
Read 
the duty cycle value written 
to PWM_CONTROL 


SP_CON 
(IIH) 


IOSO(15H) 


lOCO (15H) 


10SI 
(16H) 


NOTE: 
1. IOC2.7 
(CAM 
CLEAR) 
and 10CO.I 
(T2RST) 
are not latched 
and will read as a I (precharged 
bus) . 


Being 
able to write 
to the read-only 
registers 
and vice-versa 
provides 
a lot of flexibility. 
One of the most 
useful 
advantages 
is the ability 
to set the timer~ and HSO lines for initial 
conditions 
other 
than 
zero. 


A summary 
of the SFRs 
which 
control 
I/O 
functions 
has been included 
in this section. 
The summary 
is separated 
into a list of those SFRs 
which 
have changed 
on the 8OC196K.A and a list of those which 
have remained 
the same. 


(The Read 
and Write 
comments 
mdicate 
the register's 
function 
in Window 
0 unless otherwise 
specified.) 


SBUF(TX) 
- 
Now double 
butTered 
07h 
write 


BAUD 
RATE 
- 
Uses new Baud 
Rate Values 
OEh 
write 


6 
5 
4 
3 
2 
1 
0 


Sf 
RI 
TI 
FE 
TXE 
OE 
X 
X 
'E 
~l; 


RPE: 
RI: 
TI: 
FE: 
TXE: 
OE: 


llh 
read 


IPENDt: 
IMASKt: 


l2h,13h 
read/write 


6 
5 
4 
3 
2 
1 
0 


II 
FIFO 
EXT 
T2 
T2 
HSI4 
RI 
TI 
FULL 
INT 
OVF 
CAP 


Receive 
Parity 
Error 


Receive 
Indicator 


Transmit 
Indicator 


Framing 
Error 


Transmitter 
Empty 


Receive 
Overrun 
Error 


NM1: 
Non-Maskable 
Interrupt 


FIFO 
FULL 


EXTINT: 


T20VF: 


T2CI\P: 


HSI4 : 
RI: 
TI: 


HSIO 
FIFO 
full 


External 
Interrupt 
Pin 


Timer2 
Overflow 


Timer2 
Capture 


HSI has 4 or more entries 
in FIFO 


Receive 
Interrupt 


Transmit 
Interrupt 


14h 
read/write 


17h 
read 


OBH 
write 


WWWW =, 0 : SFRs function like a superset of 8096 SFRs 
WWWW=' 15: Exchange read/write registers 
WWWW='OTHER 
: Undefined, do not use 


XXXX =OOOOB: 
These bits must always be written as zeros to provide compatibility 
with future products. 


7 
6 
5 
4 
3 
2 
1 
0 


START 
T2 
HSO.5 
HSOA 
HSO.3 
HSO.2 
HSO.1 
HSO.O 
A20 
RESET 


STARTA2D: 
T2RESET: 
HSO.0-5 : 


HSO_CMD 
15, start A to D 
HSO_CMD 
14, Timer 2 reset 
Output pins HSO.O through HSO.5 


7 
6 
5 
4 
3 
2 
1 
0 


CLEAR 
ENA 
T2ALT 
A20 
NOSH 
SLOW 
T2UO 
FAST 
CAM 
LOCK 
INT 
CPO 
PWM 
ENA 
T2EN 


STATUS: 


o = A/D 
CURRENTLY IDLE 
1 = CONVERSION IN PROCESS 
X 


X 


A/D 
RESULT: 
LEAST SIGNIFICAllT 
2 BITS 
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CLEAlC-CAM: 
ENA_LOCK: 
T2ALTINT: 
A2D_CPD: 


NOSH: 
SLOW_P"'M 
: 
T2UDENA: 
FAST_T2EN: 


:] 


Clear Entire CAM 
Enable lockable CAM entry feature 
Enable T2 Alternate Interrupt at 8000H 
Clock Presca1e Disable for low XTAL frequency (A to D conversion in 
fewer state times) 
Disable AID Sample and Hold 
Turn on divide by 2 Prescaler on PWM 
Enable Timer 2 as up/down counter 
I}nable Fast increment of T2; once per state time. 


AID Command (02H) 


11 


CHANNEL 
1/ SELECTS WHICH OF THE 8 


1 
ANALOG INPUT CHANNELS IS TO BE 
CONVERTED TO DIGITAL FORM. 


: 
GO INDICATES WHEN THE CONVERSION IS TO 
BE INITIATED (GO = 1 MEANS START NOW, 
GO= 0 MEANS THE CONVERSION IS TO BE 
INITIATED BY THE HSO UNIT AT A SPECIFIED TIME). 
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CHIP 
CONFIGURATION 
REGISTER 


POWER DOWN 
t.lODE 
ENABLE· 


BUS 
WIDTH 
SELI~CT 
(16-8IT 
BUS/8---B-IT-B-U-S) 


WRITE 
STROBE 
IlODE 
SELECT 
(WR 
AND 
BHE/WRL 
AND 
WRH) 


ADDRESS 
VALID 
STROBE 
SELECT 


(ALE/ 
ADV) 


(lRCO) 
} INTERNAL 
READY 
CONTROL 


(IRC1) 
t.lODE 


(LOCO) 
} 
(LOC1) 
PROGRAt.l 
LOCK 
t.lODE 
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HSI.O 
STATUS 


HSI.l 
STATUS 


HSI.2 
STATUS 


HSI.3 
STATUS 


WHERE 
FOR EACH 
2 - 
BIT STATUS 
FIELD 
THE LOWER 
BIT INDICATES 
WHETHER 
OR NOT AN 
EVENT 
HAS 
OCCURRED 
ON THIS 
PIN AND 
THE UPPER 
BIT INDICATES 
THE CURRENT 
STATUS 
OF THE 
PIN. 


SPCON 
(llH) 


BIT. 1 , BIT.O SPECIFY 
TliE 
t.lODE 
0.0 = t.lODE 0 
1.0 = t.lODE 2 
0.1 = t.lODE 1 
1.1 = t.lODE 3 


PEN 
ENABLE 
THE PARITY 
FUNCTION 


REN ENABLES 
THE REI;EIVE 
FUNCTION: 


TB8 
PROGRAt.lS 
THE 9TH 
DATA 
BIT 


HSI.O 
t.lODE 


HSI.l 
t.lODE 


HSI.2 
t.lODE 


HSI.3 
t.lODE 


WHERE 
EACH 
2 - 
BIT t.lODE 
CONTROL 
FIELD 
DEFINES 
ONE 
OF 4 
POSSIBLE 
t.lODES: 


00 
8 POSITIVE 
TRANSITIONS 
01 
EACH 
POSITIVE 
TRANSITION 
10 
EACH 
NEGATIVE 
TRANSITION 
11 
EVERY TRANSITION 
(POSITIVE 
AND 
NEGATIVE) 


HSO Command 
(06H) 


CHANNEL: 
O-S 
HSO.O - 
HSO.S 


BIT: 
0 
] 
6 
HSO.O 
AND 
HSO.l 


7 
HSO.2 
AND 
HSO.3 


8-B 
SOFTWARE 
TIt.lERS 


2 
E 
RESET TIt.lER2 


3 
F 
START 
A/D 
CONVERSION 


4 
INTERRUPT 
/ 
NO INTERRUPT 


S 
SET /CLEAR 


6 
TIt.lER 
2/TIt.lER 
1 


7 
LOCK 
CAt.l· 


IOSO(15H) 


0 
HSO.O 
CURRENT 
STATE 


HSO.l 
CURRENT 
STATE 


2 
HSO.2 
CURRENT 
STATE 


3 
HSO.3 
CURRENT 
STATE 


4 
HSO.4 
CURRENT 
STATE 


S 
HSO.S 
CURRENT 
STATE 


6 
CAt.l QB HOLDING 
REGISTER 
IS FULL 


7 
HSO 
HOLDING 
REGISTER 
IS FULL 


270511-34 


lOCO (15H) 


HSI.O 
INPUT 
ENABLE 
/ 
illSABLE 


T1lolER 2 RESET EACH 
WRITE 


HSI.l 
INPUT 
ENABLE / 
[IISABLE 


TllolER 2 EXTERNAL 
RESloT ENABLE / 
DISABLE 


HSI.2 
INPUT 
ENABLE 
/ 
DISABLE 


TllolER 2 RESET SOURCE 
HSI.O /T2RST 


HSI.3 
INPUT 
ENABLE 
/ 
DISABLE 


T1lolER 2 CLOCK 
SOURCE 
HSl.l 
/ 
T2CLK 


270511-35 


IOS1(16H) 


0 
SOFTWARE 
TllolER 0 EXPIRED 


SOFTWARE 
TllolER 
1 EXPIRED 


2 
SOFTWARE 
TllolER 2 EXPIRED 


3 
SOFTWARE 
TllolER 3 EXPIRED 


4 
TllolER 2 HAS 
OVERfLO 
N 


5 
TllolER 
1 HAS 
OVERfLOW 


6 
HSI 
flfO 
IS fULL 


7 
HSI 
HOLDING 
REGISTER 
DATA AVAILABLE 


270511-36 


o 
SELECT 
PWlol / 
SELECT 
P2.5 


EXTERNAL 
INTERRUPT 
ACH7 / 
EXTINT 


2 
TllolER 
1 OVERfLOW 
INTERRUPT 
ENABLE/DISABLE 


3 
TllolER 2 OVERfLOW 
INTERRU'T 
ENABLE / 
DISABLE 


4 
HSO.4 
OUTPUT 
ENABLE / 
DISABLE 


5 
SELECT 
TXD / 
SELECT 
P2.0 


6 
HSO.5 
OUTPUT 
ENABLE 
/ 
DISABLE 


7 
HSI 
INTERRUPT 


FIFO 
FULL / 
-HO-L-D-IN-G-R-EG-I-ST-E-:R-L-O-A-D-ED 


270511-37 


When the IDLE mode is entered, uiiingthe instruction 
"IDLPD 
#1", the CPU stops eXI~uting. The CPU 


clocks are frozen at logic state zero, but the peripheral 


clocks and CLKOUT continue to be active. CLKOUT 
logicallyequals the Phase2 signal that is supplied to the 
peripherals. Systembus control signals ALE, RD, WR, 
INST. and BHE go to their inactive states and the bus 
becomes high impedance unless it was being used as 
ports 3 and 4. Power consumption in this mode is about 
40% of that in the normal mode, since only the periph- 
erals are running. 


The interrupt controller and all peripherals, except 
Ports 3 and 4, continue to function during IDLE mode. 
If the chip was executingout of internal memory, Ports 
3 and 4 will retain the data present in their data latches, 
otherwise these pins will be high impedance and their 
input buffers will be turned off. (See the Standard I/O 
Port section for more information about Ports 3 and 4.) 


It is important to note that the Watchdog Timer con- 
tinues to operate in the IDLE mode (if it was enabled 
after reset). This means the chip must wake up the 
CPU approximately every 64K state times (16 millisec- 
onds at 8 MHz XTAL1) in order to reset this timer. 


The CPU can be awakened by any enabled interrupt 
source or a hardware reset. Since all of the peripherals 
are running, this interrupt can be generated by the HSI, 
HSO, timer overflow, serial port, extint, or other simi- 
lar interrupts. If an interrupt brings the CPU out of 
IDLE mode, the first action taken will be to place the 
program counter on the stack and jump to the interrupt 
service routine. When the interrupt service routine is 
done, the instruction executed is the one following 
IDLPD instruction which put the chip in the IDLE 
mode. 


When the POWERDOWN mode is entered, using the 
instruction "IDLPD #2", all internal clocks are frozen 
at logic state zero and the oscillator is turned off. All 
registers and most peripherals hold their values if Vcc 
is not removed from the part. The bus control signals 
go to their inactive states, and power is reduced to just 
the device leakage. 


All the bidirectional or output-only port pins (including 
HSO, PWM, serial port, etc.) will assume values pres- 
ent in their respective data latches, except Ports 3 and 
4. In this way the user controls the logic state of the 
port pins. The Port 3 and 4 pins will have values of the 
port latches if the chip was executing out of internal 
memory (future ROM and EPROM parts only), other- 
wise the pins will be in a high-impedance state with 
input buffers shut off. 


All peripherals should be in an inactive state before 
putting the chip in powerdown. If the A to D converter 
is in the middle of a conversion it is aborted. The 


inter 


HSIO, timers (Timerl and Timer2>, and the serial port 
stop in POWERDOWN mode. If the chip comes out of 
POWERDOWN 
by an external i.nterrupt, the serial 
port will continue from where it left off with a chance 
of erroneous data transmitted or received. Therefore, 
the user must shut off the transnll.tter (not write any- 
thing to it) and the receiver (REN=O) 
before putting 
the chip in POWERDOWN. 


When the chip is in Powerdown, it is impossible to time 
out the Watchdog Timer or dete;t oscillator failure. 
Therefore, systems which will use Powerdown should 
not enable the Watchdog Timer and the systems using 
the Watchdog Timer should not 1:0 into Powerdown, 
unless the Watchdog is always rese·timmediately before 
entering and after exiting Powerdown. 


To prevent accidental entry into Powerdown, the Pow- 
erdown feature can be disabled at reset by clearing bit 0 
of the Chip Configuration Register (CCR). Since the 
default value of the Configuration Byte is OFFH, Pow- 
erdown is normally enabled. 


When in Powerdown, almost the entire state of the 
80Cl96KA will be preserved, not;ust the most signifi- 
cant 16bytes of register file. The VCC (not VpD) is used 
to supply power to the chip, so it must remain within 
specifications if the chip status is to be maintained. Cer- 
tain SFRs, may contain incorrect information when the 
chip comes out of Powerdown. SFRs which could do 
this are the AID result and serial port registers since 
the functions of these registers are real-time dependent 
and CPU-time stops in Powerdo",n mode. AID com- 
mands in progress are aborted when coming out of 
Powerdown. It is the users respom;ibility to handle the 
serial port. 


XTALl t1.n..tL~ 
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CLKOUT r-L-.r--~ 
PHlw-l-~ 


INTERNAL' 
POWERDOWN 
: 
SIGNAL 
"'1- 
•••••• - 
•••••• --,..- 
•••••• - 
••• 


The Powerdown 
mode can be exited using either 
RESET or an external interrupt pin. If the RESET pin 
is used, it must externally be held low long enough for 
the oscillator to stabilize, plus 4 states for the reset se- 
quence. 


When exiting Powerdown using an external interrupt, a 
positive level on the pin mapped to INTI 
(either 
EXTINT pin or PortO.7 pin) will bring the part out of 
Powerdown mode. This procedure is not affected by 
either the interrupt disable bit or the interrupt mask 
register. An internal timing circuit is used to ensure 
that the oscillator has stabilized before the internal 
clocks are turned on. Figure 30 shows the power down 
and powerup sequence in such a case. 


During normal operation, before the chip goes into 
powerdown, the Vpp pin will rise to Vcc 
through an 
internal pullup. The user must connect a capacitor be- 
tween Vpp and VSS' A positive level on the pin mapped 
to INT7 (external interrupt) will start discharging this 
capacitor if the chip was in Powerdown when this edge 
occurred. The internal current source used to discharge 
this capacitor is approximately 
100 IJoA.A threshold 
detector will detect 1 V or lower on the Vpp pin and 
mark the end of the time-out period. A 1 IJoFcapacitor 
will provide about 4 ms startup time. 


If the external interrupt is used to bring the part out of 
Powerdown, that bit will be set in the interrupt pending 
register when the chip starts to run. If the interrupt is 
not masked off, the first section of code executed will be 
the interrupt service routine, otherwise execution will 
begin with the code following the IDLPD instruction. 
If the interrupt is not serviced the interrupt pending bit 
will remain set. 


EXTINT: 
n 
.....-.....- - ..-.--.....- 
---..--1....... 
1 
_ 


TIIo4EOUT 
_'-----------------1 
r--J 


As soon as the RESET 
line is pulled 
low the I/O 
and 


control 
lines will go into their n:set condition. 
The state 
of these lines is shown 
below: 


Pin 
Multiplexed 
Value of the 
Name 
Port Pins 
Pinon 
Reset 


RESET 
Mid-sized 
Pullup 


ALE 
Weak Pullup 


RD 
Weak Pullup 


BHE 
Weak Pull up 


WR 
Weak Pullup 


INST 
Weak Pull-up 


EA 
Undefined 
Input ° 


READY 
Undefined 
Input ° 


NMI 
Undefined 
Input ° 


BUSWIDTH 
Undefined 
Input ° 


CLKOUT 
Phase 2 of Clock 


System Bus 
P3.0·P4.7 
Weak Pull ups 


The weak pullups 
and pulldowns 
are sufficient 
to hold 


a line in one position 
or another. 
Pins listed 
as unde- 


fined inputs (0) must be tied or driven 
externally, 
other- 


wise the part may not function 
properly. 
Reset must be 


held low for 4 state times. 


In order 
for the 
part 
to function, 
the 
following 
pins 


must be connected: 


Pin 
Multiplexed 
Value of the 


Name 
Port Pins 
Pinon 
Reset 


ACHO-7 
PO.O-PO.7 
Undefined 
Input ° 


PORT1 
P1.0-P1.7 
Weak Pullups 


TXD 
P2.0 
Weak Pullup 


RXD 
P2.1 
Undefined 
Input ° 


EXTINT 
P2.2 
Undefined 
Input ° 


T2CLK 
P2.3 
Undefined 
Input ° 


T2RST 
P2.4 
Undefined 
Input ° 


PWM 
P2.5 
Weak Pulldown 


- 
P2.6-P2.7 
Weak Pullups 


HSIO-HSI1 
Undefined 
Input ° 


HSI2/HS04 
Undefined 
Input ° 


HSI3/HS05 
Undefined 
Input ° 


HSOO-HS03 
Weak Pulldown 


inter 
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Figure 31. Reset Sequence 
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are at tfie 
following values: 


REGISTER 
NAME 
VALUE 


AD_RESULT 
OOOOH 


HSLSTATUS 
xOxOxOx08 


S8UF(RX) 
OOH 


INT_MASK 
000000008 


INT_PENDING 
000000008 


TIMER1 
OOOOH 


TIMER2 
OOOOH 


IOPORT1 
111111118 


IOPORT2 
110000018 


SP_STAT /SP _CON 
000000008 


IMASK1 
000000008 


IPEND1 
000000008 


WSR 
XXXXOOO08 


HSI_MODE 
111111118 


IOC2 
XOOOOOO08 


lOCO 
000000X08 


IOC1 
001000018 


PWM_CONTROL 
OOH 


IOPORT3 
111111118 


IOPORT4 
111111118 


10SO 
000000008 


IOS1 
000000008 


IOS2 
000()00008 


4.4 
PROGRAM 
PROTECTION 
FEATURES 


Several features to assist in recovery from hardware 
and software errors are available on the 80C196KA. 
Protection is also provided against executing unimple- 
mented opcodes by making use of the unimplemented 
opcode interrupt. 
In addition, th,: hardware reset in- 
struction (RST) can be used in software to cause a reset 
if the program counter goes out of bounds. This in- 


structlon has an opcode of OFFH, so if the processor 
reads in bus lines which have been pulled high it will 
reset itself. 


A clock failure detection circuit is provided to recover 
from hardware problems. When triggered by too slow 
of a clock on XTALl, it pulls the RESET line low. The 
switch frequency is Vcc dependent. At aVeC 
of 6V, 


detection occurs at some point below 250 KHz. When 
Vcc is at 4V, the detection point is below 28 KHz. This 
feature can be disabled by holding the CDE pin (Clock 
Detect Enable) at a low level. It should be disabled 
when using the Powerdown mode. 


The Watchdog Timer can be enabled to cause a hard- 
ware reset every 64K state times unless the timer is 
cleared periodically. The timer is started by writing the 
sequence "IEh", 
"Elh" 
to the Watchdog 
Register. 


Once started it can only be turned off by resetting the 
chip. To clear the watchdog 
the sequence "IEh", 
"Elh" 
must be written to the register. 


When any of the protection methods are used to reset 
the chip, the external RESET line will be pulled low by 
an internal pulldown transistor. It will keep pulling the 
line down until the part resets itself. Writing to the 
watchdog timer will not turn the transistor off. The 
RESET line can also be used as an output to reset other 
circuitry. If a capacitor is used on the RESET line for 
reset timing, the line may never be pulled below 0.8 
volts. This could cause other external circuitry not to 
be reset. 


Test modes are entered on the 80CI96KA by externally 
holding ALE, INST or RD in their active state while 
the RESET pin is taken high. By using combinations of 
pins different test modes can be selected. The only test 
mode which is not reserved for Intel use is ONCE. This 
mode is entered by driving ALE high and RD and 
INST low while RESET is taken high. 


ONCE 
is the ON-Circuit-Emulation 
mode. In this 


mode all of the pins, except XTALl and XTAL2, are 
floated. Some of the pins are not truly high impedance 
as they have weak pullups or pulldowns. 


5.0 
CONVERTING 
FROM OTHER 
MCS@-96 PRODUCTS 
TO THE 
80C196KA 


The following list of suggestio~,s for designing an 
8X9XBH system will yield a design that is easily con- 
verted to the 8OC196KA. 
I. Do not base critical timing loops on instruction or 
peripheral execution times. 
2. Use equate statements to set all timing parameters, 
including the baud rate. 


3. Do not base hardware 
timin~;s on CLKOUT 
or 
XTALI. The timings of the 80CI96KA are different 


than those of the 8X9XBH, but they will function 
with standard ROM / EPROM / Peripheral type 
memory systems. 
4. Make sure all inputs are tied high or low and not left 
floating. 


5. The BHE/WRH 
signal is not valid in the 8-bit 
mode. 


6. Indexed and Indirect operations relative to the stack 
pointer (SP) work differently on the 8OCl96KA than 
on the 8096BH. On the 8096BH, the address is cal- 
culated based on the un-updated version of the SP. 
The 8OCl96KA uses the updated version. The offset 
for 
PUSH[SPl, 
POP[SPl, 
PUSHnn[SP] 
and 
POPnn[SP] instructions may need to be changed by 
a count of 2. 


The 8OCl96KA is available in 68-pin PLCC and LCC packages. Contact your local sales office to determine the 
exact ordering code for the pan desired. 


PFP 
PFP 
PFP 
LCC 
PLCC 
DescrlptlcIn 
LCC 
PLCC 
Description 
LCC 
PLCC 
Description 


CGA 
CGA 
CGA 


1 
9 
ACH7/PO.7 
24 
54 
AD6/P3.6 
47 
31 
P1.6 
2 
8 
ACH6/PO.!3 
25 
53 
AD7/P3.7 
48 
30 
P1.5 
3 
7 
ACH2/PO.:2 
26 
52 
AD8/P4.0 
49 
29 
HSO.1 
4 
6 
ACHO/PO.O 
27 
51 
AD9/P4.1 
50 
28 
HSO.O 
5 
5 
ACH1/PO .., 
28 
50 
AD10/P4.2 
51 
27 
HSO.5/HSI.3 


6 
4 
ACH3/PO.:l 
29 
49 
AD11/P4.3 
52 
26 
HSO.4/HSI.2 


7 
3 
NMI 
30 
48 
AD12/P4.4 
53 
25 
HSI.1 


8 
2 
EA 
31 
47 
AD13/P4.5 
54 
24 
HSI.O 


9 
1 
Vcc 
32 
46 
AD14/P4.6 
55 
23 
P1.4 


10 
68 
Vss 
33 
45 
AD15/P4.7 
56 
22 
P1.3 
11 
67 
XTAL1 
34 
44 
T2CLK/P2.3 
57 
21 
P1.2 
12 
66 
XTAL2 
35 
43 
READY 
58 
20 
P1.1 


13 
65 
CLKOUT 
36 
42 
T2RST/P2.4 
59 
19 
P1.0 


14 
64 
BUSWIDTH 
37 
41 
BHE/WRH 
60 
18 
TXD/P2.0 
15 
63 
INST 
38 
40 
WR/WRL 
61 
17 
RXD/P2.1 


16 
62 
ALE/ADV 
39 
39 
PWM/P2.5 
62 
16 
RESET 


17 
61 
RD 
40 
38 
P2.7/T2CAPTURE 
63 
15 
EXTINT /P2.2 
18 
60 
ADO/P3.0 
41 
37 
Vpp 
64 
14 
CDE 


19 
59 
AD1/P3.1 
42 
36 
Vss 
65 
13 
VREF 


20 
58 
AD2/P3.2 
43 
35 
HSO.3 
66 
12 
ANGND 
21 
57 
AD3/P3.3 
44 
34 
HSO.2 
67 
11 
ACH4/PO.4 


22 
56 
AD4/P3.4 
45 
33 
P2.6/T2UP-DN 
68 
10 
ACH5/PO.5 


23 
55 
AD5/P3.5 
46 
32 
P1.7 


ACH5/PO.5 


ACH4/PO.4 


ANGNO 


VREF 
COE 


EXTINT 
/P2.2 


RESET 


RXOjP2.1 


TXO/P2.0 
PLO 
Pl.l 
Pl.2 
Pl.3 


Pl.4 


HSIO 


HSII 


HSI2/HS04 
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10 


11 
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t.lCS®-96 
22 
63 
68 PIN 
23 


62 
LEADLESS CHIP CARRIER 
24 


61 
TYPE "B" 
25 
~ 
U 
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TOP VIEW 
27 
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58-Pin Package (Lee-Top View) 
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AOO/P3.0 


A01/P3.1 


A02/P3.2 


A03/P3.3 
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AD9/P4.1 
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A014/P4.6 


A015/P4.7 


T2CLK/P2.3 
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ADO/P3.0 


AD1/P3.1 


AD2/P3.2 


AD3/P3.3 


AD4/P3.4 


AD5/P3.5 


AD6/P3.6 


AD7/P3.7 


AD8/P4.0 


AD9/P4.1 


AD10/P4.2 


AD11/P4.3 


AD12/P4.4 


AD13/P4.5 


AD14/P4.6 


AD15/P4.7 


T2CLK/P2.3 


Symbol 
Name and Function 


Vcc 
Main supply vol1age (5V). 


Vss 
Digital circuit ground (OV). There are two VSS pins, both of which must be connected. 


CDE 
Clock Detect Erable 
- When pulled high enables the clock failure detection 
circuit. If the 
XTAL 1 frequency 
falls below a specified 
limit the RESET pin will be pulled low. 


VREF 
Reference 
voltage for the AID converter 
(5V). VREF is also the supply voltage 
to the analog 
portion of the A/D 
converter 
and the logic used to read Port O. Must be connected 
for AID 
and Port 0 to function. 


ANGND 
Reference 
ground for the A/D converter. 
Must be held at nominally 
the same potential 
as 


Vss· 


Vpp 
Timing pin for the return from powerdown 
circuit. Connect 
this pin with a 1 JAoFcapacitor 
to 
Vss and a 1 Mn resistor to Vcc. If this function 
is not used Vpp may be tied to Vcc. 


XTAL1 
Input of the osci lator inverter and of the internal clock generator. 


XTAL2 
Output of the oscillator 
inverter. 


CLKOUT 
Output of the internal clock generator. 
The frequency 
of CLKOUT 
is % the oscillator 
frequency. 
It ha~,a 50% duty cycle. 


RESET 
Reset input to the chip. Input low for at least 4 state times to reset the chip. The subsequent 
low-to-high 
transition 
re- synchronizes 
CLKOUT 
and commences 
a 1O-state-time 
sequence 
in 
which the PSW is cleared, a byte read from 2018H loads CCR, and a jump to locations 
2080H 
is executed. 
Input high for normal operation. 
RESET has an internal 
pullup. 


BUSWIDTH 
Input for buswid1h selection. 
If CCR bit 1 is a one, this pin selects the bus width for the bus 
cycle in progresH. If BUSWIDTH 
is a 1, a 16-bit bus cycle occurs. 
If BUSWIDTH 
is a 0 an 8-bit 
cycle occurs. 
If C:CR bit 1 is a 0, the bus is always an 8-bit bus. 


NMI 
A positive transi1ion causes a vector through 203EH. 


INST 
Output high during an external 
memory read indicates 
the read is an instruction 
fetch. INST is 
valid throughout 
the bus cycle. INST is activated 
only during external 
memory accesses. 


EA 
Input for memory select (External Access). 
EA equal to a TTL-high 
causes memory accesses 
to locations 
2000H through 3FFFH to be directed to on-chip 
ROM/EPROM. 
EA equal to a 
TTL-Iow causes 
:lcccesses 
to these locations 
to be directed 
to off-chip 
memory. 


ALE/ADV 
Address 
Latch Enable or Address Valid output, as selected 
by CCR. Both pin options 
provide 
a latch to demultiplex 
the address from the address/data 
bus. When the pin is ADV, it goes 
inactive 
high a!..!!le end of the bus cycle. ADV can be used as a chip select for external 
memory. ALE/ ADV is activated 
only during external 
memory accesses. 


RD 
Read signal output to external 
memory. 
RD is activated 
only during external 
memory reads. 


WR/WRL 
Write and Write L.ow output to external 
memory, as selected 
by the CCR. WR will go low for 
every external write, while WRL will go low only for external writes where an even byte is 
being written. WFlIWRL 
is activated 
only during external 
memory writes. 


BHE/WRH 
Bus High Enable or Write High output to external 
memory, as selected 
by the CCR. BHE = 0 
selects the bank of memory that is connected 
to the high byte of the data bus. AO = 0 
selects the bank of memory that is connected 
to the low byte of the data bus. Thus accesses 
to a 16-bit wide memory can be to the low b~nly 
(AO = 0, BHE = 1), to the high byte only 
(AO = 1, BHE = 0), or both bytes (AO = 0, BHE = 0). If the WRH function 
is selected, 
the 
pin will go low if the bus cycle is writing to an odd memory location. 
BHE/WRH 
is valid only 
during 16-bit exte rnal memory write cycles. 


Symbol 
Name and Function 


READY 
Ready input to lengthen 
external 
memory cycles, for interfacing 
to slow or dynamic 
memory, 


or for bus sharing. If the pin is high, CPU operation 
continues 
in a normal manner. 
If the pin is 
low prior to the falling edge of CLKOUT, the memory controller 
goes into a wait mode until the 
next positive transition 
in CLKOUT 
occurs with READY high. When the external 
memory is 
not being used 
READY has no effect. 
Internal control 
of the number of wait states inserted 
into a bus CyCIEIheld not ready is available 
through 
configuration 
of CCR. 


HSI 
Inputs to High Speed Input Unit. Four HSI pins are available: 
HSI.O, HSI.1, HSI.2, and HSI.3. 
Two of them (HSI.2 and HSI.3) are shared with the HSO Unit. The HSI pins are also used as 
inputs by future EPROM parts in Programming 
Mode. 


HSO 
Outputs from High Speed Output Unit. Six HSO pins are available: 
HSO.O, HSO.1, HSO.2, 
HSO.3, HSO.4, and HSO.5. Two of them (HSO.4 and HSO.5) are shared with the HSI Unit. 


Port 0 
8-bit high impedance 
input-only 
port. These pins can be used as digital inputs and/or 
as 
analog inputs to the on-chip A/D converter. 
These pins are also a mode input to future 
EPROM parts in the Programming 
Mode. 


Port 1 
8-bit quasi-bidimctionall/O 
port. 


Port 2 
8-bit multi-functional 
port. All of its pins are shared with other functions 
in the 80C196KA. 


Ports 3 and 4 
8-bit bi-directionall/O 
ports with open drain outputs. These pins are shared with the 
multiplexed 
add ress/ data bus which has strong internal pullups. Available 
only on future 
ROM and EPROM parts. 


inter 


•Notice: Stresses above those listed under "Abso- 
lute Maximum Ratings" may cause permanent dam- 
age to the device. This is a stress rating only and 
functional operation of the device at these or any 
other conditions above those indicated in the opera- 
tional sections of this specification is not implied Ex- 
posure to absolute maximum rating conditions for 
extended periods may affect device reliability. 


Ambient Temperature 
Under Bias 
-45°C to + 125°C 
Storage Temperature 
- 65°C to + 150°C 
Yoltage On Any Pin to YSS 
-0.5Y to + 7.0Y 
Power Dissipation 
1.5W 
NOTICE Specifications contained within the 
following tables are subject to change. 


Symbol 
Description 
Mln 
Max 
Units 


TA 
Ambient 
Temperature 
Under Bias 
-40 
+ 125 
°C 


Vcc 
Digital Supply Voltage 
4.5 
5.50 
V 


TREF 
Analog SLpply Voltage 
4.5 
5.50 
V 


fosc 
Oscillator 
Frequency 
3.5 
10 
MHz 


NOTE: 
ANGND and Vss should be nominally at the same potential. 


Symbol 
Description 
Min 
Max 
Units 
Test Conditions 


VIL 
Input Low Voltage 
-0.5 
0.8 
V 


VIH 
Input High Voltage 
(except XTAL 1) 
0.2Vcc 
+ 0.9 
Vcc + 0.5 
V 


VIH1 
Input High Voltage 
on XT AL 1 
0.7 Vcc 
Vcc + 0.5 
V 


VOL 
Output Low Voltage 
0.3 
V 
IOL = 200/LA 
0.45 
V 
IOL = 3.2 mA 
1.0 
V 
IOL = 7mA 


VOH 
Output High Voltage 
Vcc 
- 
0.3 
V 
IOH = -200/LA 
(Standard 
Outputs) 
Vcc 
- 
0.7 
V 
IOH = -3.2 
mA 
Vcc 
- 
1.5 
V 
IOH = -7mA 


VOH1 
Output 
High Voltage 
Vcc 
- 
0.3 
V 
IOH = -10/LA 
(Quasi-bidirectional 
Out outs) 
Vcc 
- 
0.7 
V 
IOH = -30/LA 
Vcc 
- 
1.5 
V 
IOH = -60/LA 


III 
Input Leakage 
Current (Std. Inputs) 
±15 
/LA 
o < VIN < Vcc 
- 
0.3V 


ILI1 
Input Leakage Current (Port 0) 
±5 
/LA 
0< 
VIN < VREF 


ITL 
1 to 0 Transition 
Current (QBD Pins) 
-650 
/LA 
VIN = 2.0V 


IlL 
Logical 0 Input Current (::lBD Pins) 
-50 
/LA 
VIN = 0.45V 


11L1 
Logical 0 Input Current in Reset 
-500 
/LA 
VIN = 0.45 V 
(ALE, RD, WR, BHE, INST, P2.0) 


Symbol 
Des,crlptlon 
Mln 
Max 
Units 
Test Conditions 


Icc 
Active Mode Current in Reset 
60 
mA 
Xtal1 = 10 MHz 


IREF 
AID 
Converter 
Reference 
Current 
5 
mA 
VCC = Vpp = VREF = 5.5V 


lidle 
Idle Mode Curront 
22 
mA 


IpD 
Powerdown 
Mode Current 
TBD 
/LA 
VCC = Vpp = VREF = 5.5V 


RRST 
Reset Pull up Rosistor 
6K 
50K 
n 


Cs 
Pin Capacitanco 
(Any Pin to VSS) 
10 
pF 
fTEST = 1.0 MHz 


NOTES: 
1. QSD (Quasi-bidirectional) pins include Port 1, P2.6 and P2.7. 
2. Standard Outputs include all bus pins (data and control), HSO pins, PWM/P2.5, CLKOUT, RESET, Ports 3 and 4, 
TXD/P2.0, 
and RXD (in serial mode 0). The VOHspecification is not valid for RESET. Ports 3 and 4 are open-drain outputs, 


which will be available on future ROM and EPROM parts. 
3. Standard Inputs include HSI pins, CDE, EA, READY, SUSWIDTH, NMI, RXD/P2.1, EXTINT/P2.2, T2CLK/P2.3, and 
T2RSTIP2.4. 
4. Maximum current per pin must be externally limited to the following values if VOL is held above 0.45V or VOH is held 
below Vcc - 
0.7V: 


IOl on Output pins: 10 mA 
IOHon quasi-bidirectional pins: self limiting 
IOHon Standard Output pins: 10 mA 
5. Maximum current per bus pin (d.3taand control) during normal operation is ±3.2 mA. 
6. During normal (non-transient) conditions the following total current limits apply to each group of pins: 


Port 1, P2.6 
IOl: :~9mA 
IOHis self limiting 
HSO,P2.0, RXD, RESET 
IOl: :~9mA 
IOH:26 mA 
P2.7, P2.5, WR, SHE 
IOl: '13mA 
IOH:11 mA 
ADO-AD15 
IOl: ~i2mA 
IOH:52 mA 
RD, ALE, INST-CLKOUT 
IOl:' 3 mA 
IOH:13 mA 


A.C. Characteristics 
(Over specified 
operating 
conditions) 


These are ADVANCED specifications, the parameters may change before Intel releases the product for sale. 
Test Conditions: Capacitive load on all pins = 100 pF, Rise and fall times = 10 ns, fose = 10 MHz 


Symbol 
Dellcrlptlon 
Mln 
Max 
Units 
Notes 


TAVYV 
Address 
Valid to READY Setup 
2Tosc 
- 
45 
ns 


TLLYV 
ALE Low to READY Setup 
Tosc 
- 
45 
ns 


TYLYH 
NonREADY 
Time 
No upper limit 
ns 


TCLYX 
READY Hold after CLKOUT 
Low 
0 
Tosc 
- 
5 
ns 
(Note 2) 


TAVGV 
Address 
Valid to Buswidth 
Setup 
2Tosc 
- 
45 
ns 


:LLGV 
ALE Low to Buswidth 
Setup 
Tosc 
- 
45 
ns 


TCLGX 
Buswidth 
Hold after CLKOUT 
Low 
0 
ns 


TAVDV 
Address 
Valid to Input Data Valid 
3Tosc 
- 
50 
ns 


TRLDV 
RD# 
Active to Input Data Valid 
Tosc 
- 
25 
ns 


TCLDV 
CLKOUT 
Low to Input Data Valid 
Tosc 
- 
45 
ns 
(Note 1) 


TRHDZ 
End of RD# 
to Input Data Float 
Tosc 
- 
5 
ns 


TRXDX 
Data Hold after RD# 
Inactive 
0 
ns 


NOTES: 
1. Typical specification, not guaranteud. 
2. If max is exceeded, additional wait states will occur. 
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A.C. Characteristics 
(Over specified 
operating 
conditions) 
(Continued) 
Test Conditions: Capacitive load on all pins = 100 pF, Rise and fall times = 10 ns, fose = 10 MHz 


Symbol 
Description 
Min 
Max 
Units 
Notes 


FXTAL 
Frequency 
on XTA L1 
3.5 
10.0 
MHz 


Tosc 
1/FXTAL 
100 
286 
ns 


TXHCH 
XTAL 1 High to CLI<OUT High or Low 
40 
110 
ns 
(Note 1) 


TCLCL 
CLKOUT 
Cycle Time 
2Tosc 
ns 


TCHCL 
CLKOUT 
High Period 
Tosc 
- 
15 
Tosc+15 
ns 


TCLLH 
CLKOUT 
Falling Edge to CLKOUT 
Rising 
-5 
+5 
ns 


TLLCH 
ALE Falling Edge to CLKOUT 
Rising 
-5 
+5 
ns 


TLHLH 
ALE Cycle Time 
4Tosc 
ns 


TLHLL 
ALE High Period 
Tosc 
- 
20 
Tosc+20 
ns 


TAVLL 
Address 
Setup to ALE Falling Edge 
Tosc 
- 
15 
ns 


TLLAX 
Address 
Hold after ALE Falling Edge 
Tosc-15 
ns 


TLLRL 
ALE Falling Edge 1:0 RD Falling Edge 
Tosc 
- 
15 
ns 


TXHRL 
XTAL 1 High to RC Falling Edge 
35 
75 
ns 
(Note 1) 


TRLRH 
RD Low Period 
Tosc-15 
ns 


TRHLH 
RD Rising Edge tc, ALE Rising Edge 
Tosc 
- 
15 
Tosc+15 
ns 
(Note 2) 


TLLWL 
ALE Falling Edge to WR Falling Edge 
Tosc 
- 
10 
ns 


TXHWL 
XT AL 1 High to wH Falling Edge 
55 
95 
ns 
(Note 1) 


TCLWL 
CLKOUT 
Low to ij~R Falling Edge 
5 
20 
ns 
(Note 1) 


TQVWL 
Data Stable to WFi Rising Edge 
Tosc 
- 
20 
ns 


TWLWH 
WR Low Period 
Tosc 
- 
20 
ns 


TWHQX 
Data Hold after WR Rising Edge 
Tosc 
- 
20 
ns 


TWHLH 
WR Rising Edge tl) ALE Rising Edge 
Tosc 
- 
20 
Tosc+20 
ns 
(Note 2) 


NOTES: 
Tosc = 100 ns at 10 MHz; Tosc = 125 ns at 8 MHz. 
1. Typical specification, not guarante.ed. 
2. Assuming back-ta-back bus cycle',. 
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XTAL1 


-tCLCL--- 


ALE 


tLHLL 


tXHCHJ= tCHCL==i 


r-- tAVLL· 
tLLAX 


BUS -< 
ADDRESS OUT 
DATA 
-F-_1 
tAVDV 
I 
.1 
I 


WRITE 
i-=-=-= tLLWL ==t=tWLWH7"_tW_H_L_H 
_ 


~ 
• 
rtQVW~tWHQX1 


BUS -< 
AI)DRESS OUT 
X 
DATA OUT 
X 
60--A-D-DR-E-SS--- 
I 
I 
I 


XTAL1::AQ 


--tCLCL 


CLKOUT 


-;:tCLLH 


ALE 


READY-F 
~':VI 


BUS WIDTH 
~ 
«« 


~ 
tLLGV 1='») 


BUS -< 
AD)RESS OUT 
) 


, 
..Ir 
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Symbol 
Parameter 
Mln 
Max 
Units 


1/TolOl 
Oscillator 
Frequency 
3.5 
10 
MHz 


TOlOl 
Oscillator 
Period (Toscl 
100 
286 
ns 


TOHOX 
High Time 
32 
ns 


TOlOX 
Low Time 
32 
ns 


TOlOH 
Rise Time 
10 
ns 


TOHOl 
Fall Time 
I 
10 
ns 


J.7V,.,. j::..T 
XHXX 
'J 
O.7Vcc 


2.4=X 
~ 
2.0 
. 
2.0 
> TESTPOINTS< 
0.45 
0.8 
0.8 


270511-47 
A.C. Testing inputs are driven at 2.4V for a Logic "1" and 0.045V 
for a Logic "0" Timing measurements a,e made at 2.0V for a 
Logic "1" and 0.8V for a Logic "0". 


VLOAO+0.15V 
VOH-0.15 V 
VLOAO 
TlloIINGREFERENCE< 
--- 
POINTS 
VLOAO-O.15V 
VOL+O.15V 


270511-48 
For Timing Purposes a Port Pin is no Longer Floating when a 
100 mV change from Load Voltage Occurs and Begins to Float 
when a 100 mV change from the Loaded VOHIVOl Level occurs 
'Ol/iOH ~ 
± 15 mA. 


Vcc, 
VREF 
A.5V to 5.5V 


VSS' ANGND 
OV 


TA 
-45'Cto 
+ l25'C 


FOSC' 
3.5 MHz to 10.0 MHz 


Test Conditions: 
VREF 
5.l2V 


The absolute 
conversion 
acc.uracy 
is dependent 
on the 
accuracy 
of VREF. The specifications 
given below 
as- 
sume adherence 
to the Operating 
Conditions 
section 
of 
these data sheets. 
Testing 
is done at VREF = 5.l2V. 


Parameter 
Typlcal"(1) 
Minimum 
Maximum 
Units"" 
Notes 


Resolution 
256(5) 
1024 
Levels 
10 
Bits 


Absolute 
Error 
0 
±4 
LSBs 


Full Scale Error 
-0.5 
±0.5 
LSBs 


Zero Offset Error 
±0.5 
LSBs 


Non-Linearity 
. 


0 
±4 
LSBs 


Differential 
Non-Linearity 
0 
±2 
LSBs 


Channel-to-Channel 
Matchin£ 
0 
±1 
LSBs 


Repeatability 
±0.25 
LSBs1 


Temperature 
Coefficients: 
Offset 
0.009 
LSBrC 
1 
Full Scale 
0.009 
LSBrC 
1 
Differential 
Non-Linearity 
0.009 
LSBrC 
1 


Off Isolation 
-60 
dB 
1,2,4 


Feedthrough 
-60 
dB 
1,2 


Vcc Power Supply Rejection 
-60 
. 


dB 
1,2 


Input Resistance 
1K 
5K 
n 
1 


D.C. Input Leakage 
0 
5.0 
/-LA 


NOTES: 
• These 
values 
are expected 
for most parts at 25'C. 


"An 
"LSB", 
as used here, has a value of approximately 
5 mV. 
1. These 
values 
are not tested 
in production 
and are based on theoretical 
estimates 
and laboratory 
tests. 
2. DC to 100 KHz. 
3. For starting 
the AID 
with an HSO Command. 
4. Multiplexer 
Break-Before-Make 
Guaranteed. 
5. See functional 
deviations 
list. 
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ABSOLUTE 
ERROR-The 
maximum difference be- 
tween corresponding actual and idl:a1code transitions. 
Absolute Error accounts for all de~iations of an actual 
converter from an ideal converter. 


AcruAL 
CHARACTERISTIC-The 
characteristic of 
an actual converter. The characteristic of a given con- 
verter may vary over temperature, :mpply voltage, and 
frequency conditions. An actual characteristic 
rarely 
has ideal first and last transition locations or ideal code 
widths. It may even vary over multiple conversions un- 
der the same conditions. 


BREAK-BEFORE-MAKE-The 
property of a multi- 
plexer which guarantees 
that 
a previously selected 
channel will be deselected before a new channel is se- 
lected. 
(e.g. 
the 
converter 
will 
not 
short 
inputs 
together.) 


CHANNEL-TO-CHANNEL 
MATCHING-The 
dif- 
ference between corresponding code transitions of actu- 
al characteristics taken from different channels under 
the same temperature, 
voltage and frequency condi- 
tions. 


CHARACTERISTIC-A 
graph of input voltage ver- 
sus the resultant output code for an AID converter. It 
describes the transfer function of th,~AID converter. 


CODE CENTER-The 
voltage cOITesponding to the 
midpoint between two adjacent codl: transitions. 


CODE TRANSITION-The 
point at which the con- 
verter changes from an output code (IfQ, to a code of Q 
+ I. The input voltage corresponding to a code tran- 
sition is defined to be that voltage which is equally like- 
ly to produce either of two adjacent codes. 


CODE 
WIDTH-The 
voltage corresponding 
to the 
difference between two adjacent cod~ transitions. 


D.C. INPUT LEAKAGE-Leakage 
current to ground 
from an analog input pin. 


DIFFERENTIAL 
NON-LINEARJITY-The 
differ- 
ence between the ideal and actual code widths of the 
terminal based characteristic. 


FEEDTHROUGH-Attenuation 
of a voltage applied 
on the selected channel of the AID Converter after the 
sample window closes. 


FULL SCALE ERROR-The 
difference between the 
expected and actual input voltage corresponding to the 
full scale code transition. 


IDEAL CHARACTERISTIC-A 
characteristic 
with 
its first code transition at YIN = 0.5 LSB, its last code 
transition at YIN = (VREF - 
1.5 LSB) and all code 
widths equal to one LSB. 


INPUT RESISTANCE-The 
effective series resistance 
from the analog input pin to the sample capacitor. 


LSD-Least 
Significant Bit: The voltage correspond- 
ing to the full scale voltage divided by 2n, where n is the 
number of bits of resolution of the converter. For an 8- 
bit converter with a reference voltage of 5.12Y, one 
LSB is 20 mY. Note that this is different than digital 
LSBs, since an uncertainty of two LSD, when referring 
to an AID converter, equals 40 mY. (This has been 
confused with an uncertainty of two digital bits, which 
would mean four counts, or 80 mY.) 


MONOTONIC-The 
property of successive approxi- 
mation converters which guarantees that increasing in- 
put voltages produce adjacent codes of increasing value, 
and that decreasing input voltages produce adjacent 
codes of decreasing value. 


NO MISSED 
CODES-For 
each and every output 
code, there exists a unique input voltage range which 
produces that code only. 


NON-LINEARITY-The 
maximum deviation of code 
transitions of the terminal based characteristic from the 
corresponding code transitions of the ideal characteris- 
tic. 


OFF-ISOLATION-Attenuation 
of a voltage applied 
on a deselected channel of the AID converter. (Also 
referred to as Crosstalk.) 


REPEATABILITY-The 
difference 
between 
corre- 
sponding code transitions from different actual charac- 
teristics taken from the same converter on the same 
channel at the same temperature, voltage and frequency 
conditions. 


:..... r 
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tween. Also defines the number of useful bits of infor- 
mation which the converter can return. 


SAMPLE DELAY-The 
delay from receivingthe start 
conversion signal to when the sample window opens. 


SAMPLE DELAY UNCERTAJINTY-The variation 
in the sample delay. 


SAMPLE TIME-The 
time that the sample window is 
open. 


SAMPLE TIME UNCERTAINrY-The 
variation in 
the sample time. 


SAMPLE WINDOW-Begins 
when the sample capac- 
itor is attached to a selectedchannel and ends when the 
sample capacitor is disconnected from the selected 
channel. 


SUCCESSIVE APPROXIMATlfON-An 
AID con- 
version method which uses a binary search to arrive at 
the best digital representation of an analog input. 


TEMPERATURE COEFFICIENT8-Change 
in the 
stated 
variable per degree cer tigrade temperature 
change. Temperature coefficientsare added to the typi- 
cal values of a specificationto see the effect of tempera- 
ture drift. 


TERMINAL BASED CHARACTERISTIC-An 
ac- 
tual characteristic which has been rotated and translat- 
ed to remove zero offset and full !;caleerror. 


Vcc REJECTION-Attenuation 
of noise on the Vcc 
line to the AID converter. 


ZERO OFFSET-The 
difference oetweenthe expected 
and actual input voltage corresponding to the first code 
transition. 


The 8OCl96KA has the following problems. We are 
working on, or have already defined, silicon fixesfor all 
these problems. 
I. Byte shifts on odd addresses do not work properly 
(SHRB and SHLB). Byte shifts can be done on even 
addresses, and word and long shifts work correctly. 


2. The Unsigned Divide operations (Byte and Word), 
may result in a quotient that is one count larger than 
the correct value (DIVU and DIVUB). This can only 
occur if the most significant bit of the divisor is a 
one. The problem will not always occur if the MSBis 
one, and determining if the problem will occur or not 
is very difficult. 
3. The current in the power down mode is on the order 
of I milliamp. 
4. The PUSHA instruction works properly with inter- 
nal stack. When external stack is used, the PUSHA 
instruction will cause the data to be written into the 
location pointed to by the lower byte of the stack 
pointer. Since the PUSHA instruction is simply a 
fast way of doing a PUSHF, and pushing PSRI 
IMASKI and clearing IMASKI, a macro can be 
written to work around this problem. 
5. The AID converter differential non-linearity error 
becomes larger as Vjn approaches Vref, This results 
in the potential for missed codes at lO-bitresolution. 
6. The reset pin must have a rise time less than 4 state 
times. An External Schmitt trigger reset circuit is 
recommended. A capacitor only or RC circuit direct- 
ly connected to the pin will not work reliably. If a 
bad reset occurs, the chip will lock-up. A good reset 
will cause the part to work correctly; the chip does 
not have to be powered on and off. 


NOTE: 
Instruction bugs I, 2, and 3 may prevent high level 
language compilers from generating code which works 
correctly. If a problem is suspected, generate an as- 
sembler code output of the high level language and ex- 
amine the listing for the above instructions. If any of 
the instructions are present, the code may have to be 
rewritten. 
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MCS®·96 
809X·90, 839X·90 
AUTOMOTIVE 


• 
839X: an 809X with 8 Kbl,tes of On- 
Chip ROM 


• 
High Speed 
Pulse I/O 


• 
10-Blt AID 
Converter 


• 
6.25,...s 16 x 16 Multiply 


• 
6.25,...s 32/16 
Divide 


• 
8 Interrupt 
Sources 


• 
Pulse-Width 
Modulated 
Output 


• 
232 Byte Register 
File 


• 
Memory-to-Memory 
Architecture 


• 
Full Duplex Serial Port 


• 
Five 8-Bit I/O 
Ports 


• 
Watchdog 
Timer 


• 
Four 16-Bit Software 
Timers 


The MCS@-96 family of 16-bit mic:rocontrollers 
consists 
of many members, 
all of which are designed 
for high- 
speed 
control 
functions. 
Member:; 
with the ••- 90" suffix are described 
in this data sheet. 


The CPU supports 
bit, by1e, andl word 
operations. 
32-bit 
double-words 
are supported 
for a subset 
of the 
instruction 
set. With a 12 MHz input frequency 
the 8096 can do a 16-bit addition 
in 1.0 fJosand a 16 x 16-bit 
multiply 
or 32/16-bit 
divide in 6.2!5fJos. Instruction 
execution 
times average 
1 to 2 fJosin typical 
applications. 


Four high-speed 
trigger inputs are provided 
to record the times at which external 
events occur. Six high-speed 
pulse generator 
outputs 
are provided 
to trigger 
external 
events 
at present 
times. The high-speed 
output 
unit 
can simultaneously 
perform 
timer functions. 
Up to ,four such 
16-bit Software 
Timers 
can be in operation 
at 
once. 


An on-chip 
AID 
Converter 
convelts 
up to 8 analog 
input channels 
to 10-bit digital values. 
This feature 
is only 
available 
on the 8095-90/8395-90 
and 8097-90/8397-90. 


POWER 
FREQUENCY 
YREF 
AHOND 
OOWN 
REFERENCE 
r---- 
---------~:::~--~-:::~ 


GEN 
ON.CHIP 
ROM 
(1396) 


PORT 
3 
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ADDR 
DATA 


BUS 


IPORT. 
I 
I 
I 
____ 
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Figure 1 shows a block diagram of the MCS-96 
parts, generally 
referred 
to as the 8096. The 8096 is available 
in 48-pin and 68-pin packages, 
with and without 
A/D, 
and with and without 
on-chip 
ROM the MCS-96 
number- 
ing system 
is shown 
below: 


Options 
68-Pln 


Digital I/O 
ROMLESS 
8096-90 


ROM 
8396·90 


Analo~1 and Digital I/O 
ROMLESS 
8097-90 


ROM 
8397-90 


Figures 2 and 3 show the pinouts for the 68-pin packages. 
The 68-pin version 
comes in a Plastic Leaded Chip 
Carrier, 
a Plastic Flat Pack and a Pin Grid Array . 
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ADO/P3.0 


AD1/P3.1 
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AD4/P3.4 


ADS/P3.5 


AD6/P3.6 


AD7/P3.7 


AD8/P4.0 


AD9/P4.1 
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AD11/P4.3 


AD12/P4.4 


AD13/P4.5 
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NOTE: 
1. When 
the pin grid array package 
is mounted 
on the PC board, 
the pins are numbered 
counterclockwise 
as seen from the 


component 
side of the board, 
just lik'l the flat pack when 
its mounted 
in the contactor. 
Consequently, 
the PC board 
layout 
for pin grid array is compatible 
with the flat pack in a contactor 
except 
for the footprint 
size. The pin functions 
(from 
1 to 68) 


on both packages 
are identical. 
Refer to Intel's 
Embedded 
Controller 
handbook 
for mechanical 
dimensions 
on these 
pack- 


ages. 
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The following section is an overviElwof the 8096, the 
generic part number used to mfer to the entire 
MCS-96 product family. Additional information is 
available in the Embedded Controller Handbook, or- 
der number 210918. 


The 8096 has 64 Kbyte addressability and uses the 
same address space for both program and data 
memory, except in the address range from OOH 
through OFFH.Data fetches in thiHrange are always 
to the Register File, while instruGtion fetches from 
these locations are directed to external memory. 
(Locations OOHthrough OFFH in external memory 
are reserved for Intel development systems.) 


Within the Register File, locations OOHthrough 17H 
are register mapped I/O control registers, also re- 
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ferred to as Special Function Registers (SFRs). The 
rest of the Register File (018H through OFFH) con- 
tains 232 bytes of RAM, which can be referenced as 
bytes, words, or double-words. This register space 
allows the user to keep the most frequently-used 
variables in on-chip RAM, which can be accessed 
faster 
than 
external 
memory. 
Locations 
OFOH 
through OFFHcan be preserved during power down 
if power is applied to the VPDpin. 


Outside of the register file, program memory, data 
memory, and p~ripherals can be intermixed. The ad- 
dresses with special significance are: 


0000H-D017H 
0018H-D019H 
1FFEH-1 FFFH 
2000H-2011 H 
2012H-207FH 
2080H 


Register-mapped I/O (SFRs) 
Stack Pointer 
Ports 3 and 4 
Interrupt Vectors 
Factory Test Code 
Reset Location 


EXTERNAL 
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The 839X carries 8 Kbytes of on-chip ROM, occupy- 
ing addresses 2000H through 3FFFH. Instruction or 
data fetches from these addreHses access the on- 
chip ROM if the EA pin is Elxternally held at a 
logical 1. If the EA pin is at a log cal 0 these address- 
es access off-chip memory. 


A memory map for the MCS-U6 product family is 
shown in Figure 5. 


The RALU (Register/ ALU) section consists of a 17- 
bit ALU, the Program Status Word, the Program 
Counter, and several temporary registers. A key fea- 
ture of the 8096 is that it does not use an accumula- 
tor. Rather, it operates directly (In any register in the 
Register File. Being able to operate directly on data 
in the Register File without having to move it into 
and out of an accumulator results in a significant 
improvement in execution speed. 


In addition to the normal arithmElticand logical func- 
tions, the MCS-96 instruction set provides the fol- 
lowing special features: 


6.25 fJ-sMultiply and Divide 
Multiple Shift Instructions 
3 Operand Instructions 
Normalize Instruction 
Software Reset Instruction 


All operations on the 8096 take place in a set num- 
ber of "State Times." The 8096 uses a three-phase 


LIITOLO 
___....• 
r 
LOTO HI 


internal clock, so each state time is 3 oscillator peri- 
ods. With a 12 MHz clock, each state time requires 
0.25 microseconds. 


The HSIO unit consists of the High Speed Input Unit 
(HSI), the High Speed Output Unit (HSO), one coun- 
ter and one timer. "High Speed" denotes that the 
units can perform functions related to the timers 
without CPU intervention. The HSI records times 
when events occur and the HSO triggers events at 
preprogrammed times. 


All actions within the HSIO unit are synchronized to 
the timers. The two 16-bit timer/counter registers in 
the HSIO unit are cleared on chip reset and can be 
programmed to generate an interrupt on overflow. 
The Timer 1 register is automatically incremented 
every 8 state times (every 2.0 microseconds, with a 
12 MHz clock). The Timer 2 register can be pro- 
grammed to count transitions on either the T2CLK 
pin or HSI.1 pin. It is incremented on both positive 
and negative edges of the selected input line. In ad- 
dition to being cleared by reset, Timer 2 can also be 
cleared in software or by signals from input pins 
T2RST or HS1.0. Neither of these timers is required 
for the Watchdog Timer or the serial port. 


The High Speed Input (HSI) unit can detect tran- 
sitions on any of its 4 input lines. When one occurs it 
records the time (from Timer 1) and which input lines 


FIFO 
INTERRUPT 


.t 
1~1T61t.lER 
CONTROL LOGIC 


• Pulse 
measurement 
with 2.0 J.Lsec resolution 
• Input 
transitions 
trigger 
the 
recording 
of the 
reference 
Timer (16-8il) 
and triggered 
inpul(s) 
(4-8il) 
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~~ORT 
BUffERS 


PORT PINS 


T2CLK 


T2RST 


High Speed 
Output 
Controls 
6 Pins 
4 Software 
Timers 
2 Interrupts 
Initiate 
AID 
Conversion 
Reset 
Timer 
2 


made 
the 
transition. 
This 
information 
is recorded 
with 2 microsecond 
resolution 
and stored 
in an 8- 
level FIFO. The unit can be programmed 
to look for 
four types 
of events, 
as shown 
in Figure 
6. It can 
activate 
the HSI Data Available 
interrupt 
either when 
the Holding 
Registers 
is loaded 
or the 6th FIFO en- 
try has been made. Each input line can be individual- 
ly enabled 
or disabled 
to the HSI unit by software. 


The High Speed 
Output 
(HSO) llnit is shown 
in Fig- 
ure 7. It can be programmed 
to set or clear any of its 
6 output 
lines, reset Timer 2, trigger an AID 
conver- 
sion, or set one of 4 Software 
Timers flags at a pro- 
grammed 
time. An interrupt 
can be enabled 
for any 
of these 
events. 
Either Timer 
1 or Timer 
2 can be 
referenced 
for the programmed 
time value and up to 
8 commands 
for preset actions 
can be stored 
in the 
CAM (Content 
Addressable 
Memory) 
file at anyone 
time. As each action is carried 
out at its preset time 
that 
command 
is removed 
from 
the 
CAM 
making 
space for another 
command. 
HSO.4 and HSO.5 are 
shared with the HSI unit as HSI.2 and HSI.3, and can 
be individually 
enabled 
or disabh~d as outputs. 


There are 58-bit 
I/O ports on the, 8096 in addition 
to 
the High Speed 
I/O lines. 


Port 0 is an input-only 
port which shares its pins with 
the 
analog 
inputs 
to the 
AID 
Converter. 
The 
port 


can be read digitally 
and/or, 
by writing 
to the AID 
Command 
Register, 
one of the lines can be selected 
as the input to the AID 
Converter. 


Port 
1 is 
a 
quasi-bidirectional 
I/O 
port. 
"Quasi- 
bidirectional" 
means the port pin has a weak internal 
pullup that is always active and an internal 
pulldown 
which can either be on (to outpufa 
0) or off (to out- 
put a 1). This configuration 
allows the pin to be used 
as either an input or an output 
without 
using a data 
direction 
register. 
In parallel 
with the weak 
internal 
pullup, is a much stronger 
internal 
pullup that is acti- 
vated 
for one state 
time when 
the pin is internally 
driven from 0 to 1. This is done to speed up the O-to- 
1 transition 
time. 


Port 2 is multi-functional 
port. Two of the pins are 
quasi-bidirectional 
while 
the 
remaining 
six 
are 
shared 
with other 
functions 
in the 8096, 
as shown 
below: 


Port 
Function 
Alternate 
Function 


P2.0 
output 
TXD (serial port transmit) 
P2.1 
input 
RXD (serial port receive) 
P2.2 
input 
EXTINT (external 
interrupt) 
P2.3 
input 
T2CLK (Timer 2 clock) 
P2.4 
input 
T2RST'(Timer 
2 reset) 
P2.5 
output 
PWM (pulse-width 
modulation) 
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Ports 3 and 4 are bi-directional 
I/O ports with open 
drain outputs. 
These pins are alsJ used as the multi- 
plexed 
address/data 
bus when 
accessing 
external 
memory, 
in which 
case 
they 
have 
strong 
internal 
pull ups. The 
internal 
pullups 
ar<3 only 
used 
during 
external 
memory 
read or write cycles when the pins 
are 
outputting 
address 
or data 
bits. 
At any 
other 
time, the internal 
pull ups are disabled. 


The serial port is compatible 
with the MCSI!>-51 fami- 
ly (8051, 8031 etc.) serial port. II is full duplex, 
and 
receive-buffered. 
There 
are 3 asynchronous 
modes 
and 1 synchronous 
mode of operation 
for the serial 
port. The asynchronous 
modes 
allow for 8 or 9 bits 
of data with even parity optionall~ 
inserted for one of 
the data bits. Selective 
interruptH 
based 
on the 9th 
data bit are available 
to support 
interprocessor 
com- 
munication. 


Baud rates in all modes 
are determined 
by an inde- 
pendent 
16-bit 
on-chip 
baud ratl3 generator. 
Either 
the XTAL 1 pin or the T2CLK pin can be used as the 
input to the baud rate generator. 
The maximum 
baud 
rate in the asynchronous 
mode ill 187.5 KBaud. 


Pulse Width Modulator 
(P'WM) 


The 
PWM 
output 
shares 
a pin with 
port 
bit P2.5. 


When the PWM output is selectecl, this pin outputs a 
pulse train having a fixed period I)f 256 state times, 
and a programmable 
width of 0 10 255 state times. 
The width is programmed 
by loading the desired val- 
ue, in state times, to the PWM Control 
Register. 


The analog-to-digital 
converter 
is, a 10-bit, 
succes- 
sive approximation 
converter. 
It has a fixed conver- 
sion time of 168 state times, (42 microseconds 
with 
a 12 MHz clock). 
The analog 
input 
must be in the 
range of 0 to VREF (normally, 
VRJ::F= 5V). This in- 
put can be selected 
from 8 analo~I input lines, which 
connect 
to the same 
pins as POl1 O. A conversion 
can be initiated 
either 
by setting 
a control 
bit in the 
AID 
Command 
register, or by pro~lramming the HSO 
unit to trigger the conversion 
at some specified 
time. 


The 
8096 
has 
20 
interrupt 
sources 
which 
vector 
through 
8 locations. 
A 0-to-1 
transition 
from any of 
the sources 
sets a corresponding 
bit in the Interrupt 


Pending 
register. 
The content 
of the Interrupt 
Mask 
register 
determines 
if a pending 
interrupt 
will 
be 
serviced 
or 
not. 
If it is to 
be 
serviced, 
the 
CPU 
pushes 
the current 
program 
counter 
onto the stack 
and reloads 
it with the vector 
corresponding 
to the 
desired interrupt. 
The interrupt 
vectors 
are located 
in 
addresses 
2000H 
through 
2011 H, as shown 
in Fig- 
ure 8. 


Vector 
Location 


Source 
(High 
(Low 
Priority 
Byte) 
Byte) 


Software 
2011 H 
2010H 
Not Applicable 
Extint 
200FH 
200EH 
7 (Highest) 
Serial Port 
200DH 
200CH 
6 
Software 
200BH 
200AH 
5 
Timers 
HSI.O 
2009H 
2008H 
4 
High Speed 
2007H 
2006H 
3 
Outputs 
HSI Data 
2005H 
2004H 
2 
Available 
AID Conversion 
2003H 
2002H 
1 
Complete 
Timer Overflow 
2001H 
2000H 
o (Lowest) 


At the end of the terminal 
routine the RET instruction 
pops the program counter 
from the stack and execu- 
tion cOr:ltinues where it left off. It is not necessary 
to 
store and replace 
registers 
during 
interrupt 
routines 
as each routine can be set up to use a different 
sec- 
tion of the register 
file. This feature 
of the architec- 
ture provides 
for very fast context 
switching. 


While 
the 
8096 
has 
a single 
priority 
level 
in the 
sense that any interrupt 
may itself be interrupted, 
a 
priority 
structure 
exists 
for resolving 
simultaneously 
pending 
interrupts, 
as indicated 
in Figure 
9. Since 
the 
interrupt 
pending 
and 
interrupt 
mask 
registers 
can be manipulated 
in software, 
it is possible 
to dy- 
namically 
alter the interrupt 
priorities 
to suit the us- 
ers' software. 


The Watchdog 
Timer is a 16-bit counter 
which, once 
started, 
is incremented 
every 
state 
time. 
After 
16 
milliseconds, 
if not cleared, 
it will overflow, 
pulling 
down the RESET pin for two state times, causing the 
system to be reinitialized. 
This feature 
is provided 
as 
a means of graceful 
recovery 
from a software 
upset. 


The counter 
must be cleared 
by the software 
before 
it overflows, 
or else the system 
assumes 
an upset 
has occurred 
and activates 
RESET. 


inter 


Vcc 


Main supply voltage 
(5V). 


VPD 


RAM standby 
supply voltage 
(5V). This voltage 
must 
be 
present 
during 
normal 
operation. 
In a 
Power 
Down condition 
(Le., VCC drops to zero), if RESET is 
activated 
before 
VCC 
drops 
below 
spec 
and 
VPD 


continues 
to be held within spec, the top 16 bytes in 


the 
Register 
File will retain 
their contents. 
RESET 
must be held low during the PowElr Down and should 
not be brought 
high until Vcc 
is within spec and the 
oscillator 
has stablized. 


VREF 


Reference 
voltage 
for the AID 
converter 
(5V). VREF 


is also the supply 
voltage 
to thE! analog 
portion 
of 


the A/D 
converter 
and the logic used to read Port 0 


as digital 
I/O. 


Reference 
ground for the A/D 
converter. 
Should be 


held at nominally 
the same potential 
as Vss. 


Substrate 
voltage 
from the on-chip 
back-bias 
gener- 


ator. 
This 
pin 
should 
be 
connected 
to 
ANGND 


through 
a 0.01 fLf capacitor 
(and not connected 
to 


anything 
else). 


Input 
of the 
oscillator 
inverter 
and 
of the 
internal 


clock 
generator. 


Output 
of the internal 
clock generator. 
The frequen- 


cy of CLKOUT 
is % the oscillator 
frequency. 
It has a 


33% 
duty cycle. 


Reset input to the chip. Input low for at least 2 state 
times to reset the chip. The subsequent 
low-to-high 


transition 
re-synchronizes 
CLKOUT 
and commenc- 


es a 10-state-time 
sequence 
in which 
the 
PSW is 


cleared 
and a jump to address 
2080H 
is executed. 


Input high for normal operation. 
RESET has an inter- 


nal pullup. 


Input 
low enables 
a factory 
test 
mode. 
The 
user 


should tie this pin to Vcc for normal operation. 


A positive 
transition 
clears the watchdog 
timer, and 


causes a vector to external 
memory 
location 
OOOOH. 


External 
memory 
from 
OOH through 
OFFH 
is 
re- 


served for Intel development 
systems. 


Output 
high during 
an external 
memory 
read 
indi- 


cates the read is an instruction 
fetch. 
INST needs to 


be latched 
on falling edge of ALE. 


Input for memory 
select 
(External 
Access). 
EA = 1 


causes 
memory 
accesses 
to 
locations 
2000H 


through 
3FFFH 
to 
be 
directed 
to 
on-chip 
ROM. 


EA = 0 causes 
accesses 
to these 
locations 
to be 


directed 
to off-chip 
memory. 
EA has an internal 
pull- 


down, 
so it goes to 0 unless 
driven 
to 1. EA is not 


latched 
internally 
during RESET. 


Address 
Latch Enable 
output. 
ALE is activated 
only 


during external 
memory 
accesses. 
It is used to latch 


the address 
from the multiplexed 
address/data 
bus, 


and is placed 
in a low state during RESET. 


Read signal 
output 
to external 
memory. 
RD is acti- 


vated only during external 
memory 
reads. 


Write signal output 
to external 
memory. 
WR is acti- 


vated only during external 
memory 
writes. 


intJ 


Sus High Enable signal output to external memory. 
SHE = 0 selects the bank of memory that is con- 
nected to the high byte of the data bus. AO = 0 
selects the bank of memory that is connected to the 
low byte of the data bus. Thus accesses to a 16-bit 
wide memory can be to the low byte only (AO = 0, 
SHE = 1), to the high byte only I:AO= 1, SHE = 0), 
or to both bytes (AO = 0, SHE == 0). SHE is activat- 
ed only when required during accesses to external 
memory. SHE can be ignored during read opera- 
tions. This pin must be latched on the falling edge of 
ALE. 


The READY input is used to len~lthenexternal mem- 
ory bus cycles, for interfacing to slow or dynamic 
memory, or for bus sharing. If tile pin is high, CPU 
operation continues in a normal l1anner. If the pin is 
low prior to the rising edge of CLKOUT, after ALE 
the Memory Controller goes into a wait mode until 
the next negative transition in CLKOUT after ALE 
occurs with READY high. The bus cycle can be 
lengthened by up to 1 ,...s.When the external memo- 
ry bus is not being used, REP,DY has no effect. 
READY has a weak internal pullup, so it goes to 1 
unless externally pulled low. 


Inputs to High Speed Input Unit Four HSI pins are 
available: HSI.O, HSI.1, HSI.2, a.nd HSI.3. Two of 
them (HSI.2 and HSI.3) are shared with the HSO 
Unit. 


Outputs from High Speed Output Unit. Six HSO pins 
are available: HSO.O,HSO.1, HSO.2, HSO.3, HSO.4, 
and HSO.5. Two of them (HSO.4 and HSO.5) are 
shared with the HSI Unit. 


8-bit high impedance input-only port. These pins can 
be used as digital inputs and/or ,asanalog inputs to 
the on-chip AID converter. 


8-bit multi-functional port. Six of ts pins are shared 
with other functions in the 8096, the remaining 2 are 
quasi-bidirectional. 


8-bit bi-directional I/O ports with open drain outputs. 
These pins are shared with the multiplexed address/ 
data bus which has strong internal pullups. 


The 8096 instruction set makes use of six address- 
ing modes as described below: 


DIRECT-The 
operand is specified by an 8-bit ad- 
dress field in the instruction. The operand must be in 
the Register File or SFR space (locations OOOOH 
through OOFFH). 


IMMEDIATE-The 
operand itself follows the op- 
code in the instruction- stream as immediate data. 
The immediate data can be either 8-bits or 16-bits as 
required by the opcode. 


INDIRECT-An 
8-bit address field in the instruction 
gives the address of a word register in the Register 
File which contains the 16-bit address of the oper- 
and. The operand can be anywhere in memory. 


INDIRECT WITH AUTO-INCREMENT-Same 
as 
Indirect, except that, after the operand is referenced, 
the word register that contains the operand's ad- 
dress is incremented by 1 if the operand is a byte, or 
by 2 if the operand is a word. 


INDEXED-The 
instruction contains an 8-bit ad- 
dress field and either an 8-bit or a 16-bit displace- 
ment field. The 8-bit address field gives the address 
of a word register in the Register File which contains 
a 16-bit base address. The 8- or 16-bit displacement 
field contains a signed displacement that will be 
added to the base address to produce the address 
of the operand. The operand can be anywhere in 
memory. 


The 8096 contains a Zero Register at word address 
OOOOH(and which contains OOOOH).This register is 
available for performing comparisons and for use as 
a base register in indexed addressing. This effective- 
ly provides direct addressing to all 64K of memory. 


In the 8096, the Stack Pointer is at word address 
0018H in the Register File. If the 8-bit address field 
in an indexed instruction contains 18H, the Stack 
Pointer becomes the base register. This allows di- 
rect accessing of variables in the stack. 


The following tables list the MCS-96 instructions, 
their opcodes, and execution times. 


Mnemonic 
Oper- 
Operation 
(Note 
1) 
Flags 
Notes 
ands 
Z 
N 
C 
V 
VT 
ST 


ADD/ADDB 
2 
D+-D+A 
" " 
" " 
t 
- 


ADD/ADDB 
3 
D+-B+A 
" " " " 
t 
- 
ADDC/ADDCB 
2 
D +- 
D + A +C 
! " " " 
t 
- 
SUB/SUBB 
2 
D+-D-A 
" " " " 
t 
- 


SUB/SUBB 
3 
D+-B-A 
" " " " 
t 
- 


SUBC/SUBCB 
2 
D+-D-A+C-1 
, 
! " " 
..- 
t 
- 


CMP/CMPB 
2 
D-A 
" 
..- 
" 
..- 
t 
- 
MUL/MULU 
2 
D, D + 2 +- 
D' A 
- 
- 
- 
- 
- 
? 
2 


MUL/MULU 
3 
D, D + 2 +- 
B' A 
- - 
- 
- 
- 
? 
2 


MULB/MULUB 
2 
D, D + 1 +- 
D' A 
- 
- 
- - - 
? 
3 


MULB/MULUB 
3 
D,D + 1 +- 
B' A 
- 
- 
- 
- 
- 
? 
3 


DIVU 
2 
D +- 
(D,D + 2)/A, D + 2 +- 
remainder - 
- 
- 
..- 
t 
- 
2 


DIVUB 
2 
D +- 
(D,D + l)/A, D + 1 +- 
remainder - 
- 
- " 
t 
- 
3 


DIV 
2 
D +- 
(D,D + 2)/A, D + 2 +- 
remainder - 
- 
- 
? 
t 
- 
2 


DIVB 
2 
D +- 
(D,D + l)/A, D + 1 +- 
remainder - 
- 
- 
? 
t 
- 
3 


AND/ANDB 
2 
D +- 
DandA 
..- 
..- 
0 
0 
- 
- 
AND/ANDB 
3 
D +- 
BandA 
..- 
" 
0 
0 
- 
- 
OR/ORB 
2 
D +- 
DorA 
..- 
" 
0 
0 
- 
- 
XOR/XORB 
2 
D +- 
D (excl.or) A 
" " 
0 
0 
- 
- 
LD/LDB 
2 
D+-A 
- 
- 
- 
- 
- 
- 


ST/STB 
2 
A+-D 
- 
- 
- 
- 
- 
- 
LDBSE 
2 
D+-A;D+1 
+- 
SIGN(A) 
- 
- 
- 
- 
- 
- 
3,4 


LDBZE 
2 
D+-A;D+1 
+-0 
- 
- - 
- 
- 
- 
3,4 


PUSH 
1 
SP +-. SP - 2; (SP) +- 
A 
- 
- 
- 
- 
- 
- 
POP 
1 
A +- 
(SP);SP +- 
SP + 2 
- 
- 
- 
- 
- 
- 
PUSHF 
0 
SP +-. SP - 2; (SP) +- 
PSW; 
0 
0 
0 
0 
0 
0 
PSW .•...•OOOOH 
I+-O 


POPF 
0 
PSW .•...•(SP);SP +- 
SP + 2; 
I+-" 
" " " 
..- 
..- 
" 
SJMP 
1 
PC +-. PC + 11-bitoffset 
- 
- 
- 
- 
- 
- 
5 
UMP 
1 
PC +-. PC + 16-bitoffset 
- 
- 
- 
- 
- 
- 
5 
BR (indirect) 
1 
PC +-. (A) 
- 
- 
- - 
- 
- 
SCALL 
1 
SP +-. SP - 2; (SP) +- 
PC; 
- 
- 
- 
- 
- 
- 
5 
PC +-. PC + 11-bitoffset 


LCALL 
1 
SP +-. SP - 2; (SP) +- 
PC; 
- 
- 
- 
- 
- 
- 
5 
PC +-. PC + 16·bitoffset 


RET 
0 
PC +-. (SP);SP +- 
SP + 2 
- 
- 
- 
- 
- - 
J (conditional) 
1 
PC +-. PC + 8-bitoffset (if taken) 
- - - 
- 
- 
- 
5 
JC 
1 
Jump i'lC = 1 
- 
- 
- 
- 
- 
- 
5 
JNC 
1 
JumpilC 
= 0 
- - 
- 
- 
- 
- 
5 
JE 
1 
Jumpi'lZ = 1 
- 
- 
- 
- 
- 
- 
5 


NOTES: 
1. If the mnemonicends in "B", a byte operation is performed,otherwise a word operation is done. Operands D, B, and A 
must conform to the alignment rules for the required operand type. D and B are locations in the register file; A can be 
located anywherein memory. 
2. D, D + 2 are consecutiveWORDS.in memory;D is DOUBLE·WORDaligned. 
3. D, D + 1 are consecutive BYTES n memory;D is WORDaligned. 
4. Changesa byte to a word. 
5. Offset is a 2's complement number. 


inter 


Mnemonic 
Oper- 
Operation 
(Note 
1) 
Flags 
Notes 
ands 
Z 
N 
C 
V 
VT 
ST 


JNE 
1 
Jump ifZ = 0 
- - - 
- 
- 
- 
5 


JGE 
1 
Jump ifN = 0 
- 
- 
- - - 
- 
5 


JLT 
1 
Jump ifN = 1 
- - - - 
- 
- 
5 


JGT 
1 
Jump if N = 0 and Z = 0 
- 
- 
- 
- 
- 
- 
5 


JLE 
1 
Jump if N = 1 or Z = 1 
- - - 
- 
- 
- 
5 


JH 
1 
Jump if C = 1 and Z = 0 
- 
- 
- 
- 
- 
- 
5 


JNH 
1 
JumpifC 
= OorZ 
= 1 
- 
- 
- 
- 
- 
- 
5 


JV 
1 
Jump if V = 1 
- 
- 
- 
- 
- 
- 
5 


JNV 
1 
Jump if V = 0 
I 
- - - - 
- 
- 
5 


JVT 
1 
Jump if VT = 1; Clear VT 
- 
- 
- 
- 
0 
- 
5 


JNVT 
1 
Jump if VT = 0; Clear VT 
- - - - 
0 
- 
5 


JST 
1 
Jump if ST = 1 
- - 
- 
- 
- 
- 
5 


JNST 
1 
Jump if ST = 0 
- 
- 
- 
- 
- 
- 
5 


JSS 
3 
Jump if Specified 
Sit = 1 
- 
- 
- 
- 
- 
- 
5,6 


JSC 
3 
Jump if Specified 
Sit = 0 
- 
- 
- 
- 
- 
- 
5,6 


DJNZ 
1 
D ~ 
D-1;ifD*Othen 
PC ~ 
PC + 8-bit offset 
- 
- 
- 
- 
- 
- 
5 


DEC/DECS 
1 
D ~ 
D-1 
", 
", 
", 
", 
i 
- 


NEGINEGS 
1 
D~O-D 
", 
", 
", 
", 
i 
- 


INC/INCS 
1 
D ~ 
D+ 
1 
", 
", 
", 
", 
i 
- 


EXT 
1 
D ~ 
D; D + 2 ~ 
Sign (D) 
", 
", 
0 
0 
- 
- 
2 


EXTS 
1 
D ~ 
D; D + 
1 ~ 
Sign (D) 
", 
", 
0 
0 
- 
- 
3 


NOTINOTS 
1 
D ~ 
Logical 
Not (D) 
", 
", 
0 
0 
- 
- 


CLR/CLRS 
1 
D~O 
1 
0 
0 
0 
- 
- 


SHL/SHLS/SHLL 
2 
C ~ 
msb-----Isb 
~ 
0 
", 
? 
", 
", 
i 
- 
7 


SHRISHRS/SHRL 
2 
o ~ 
msb-----Isb 
~ 
C 
", 
? 
", 
0 
- 
", 
7 


SHRA/SHRAS/SHRAL 
2 
msb 
~ 
msb-----Isb 
~ 
C 
", 
", 
", 
0 
- 
", 
7 


SETC 
0 
C~1 
- 
- 
1 
- - 
- 


CLRC 
0 
C~O 
- 
- 
0 - 
- 
- 


CLRVT 
0 
VT 
~ 
0 
- 
- 
- 
- 
0 
- 


RST 
0 
PC ~ 
2080H 
0 
0 
0 
0 
0 
0 
8 


DI 
0 
Disable All Interrupts 
(I ~ 
0) 
- - - - - 
- 


EI 
0 
Enable All Interrupts 
(I ~ 
1) 
- 
- 
- 
- 
- 
- 


NOP 
0 
PC~PC+1 
- 
- 
- 
- 
- 
- 


SKIP 
0 
PC~PC+2 
- 
- 
- 
- 
- 
- 


NORML 
2 
Left Shift Till msb = 1; D ~ 
shift count 
", 
? 
0 
- 
- 
- 
7 


TRAP 
0 
SP ~ 
SP - 
2; (SP) 
~ 
PC 
~C ~ 
(2010H) 
- - - - - 
- 
9 


NOTES: 
1. If the mnemonic 
ends 
in "S", 
a byte operation 
is performed, 
otherwise 
a word 
operation 
is done. 
Operands 
D, S, and A 
must 
conform 
to the 
alignment 
rules 
for the 
required 
operand 
type. 
D and 
S are locations 
in the 
register 
file; A can 
be 
located 
anywhere 
in memory. 
5. Offset 
is a 2's complement 
number 


6. Specified 
bit is one of the 2048 bits in the register 
file. 
7. The "L" 
(Long) 
suffix 
indicates 
double-word 
operation. 
B. Initiates 
a Reset 
by pulling 
RESET 
low. 
Software 
should 
re-initialize 
all the 
necessary 
registers 
with 
code 
starting 
at 
2080H. 
9. The assembler 
will not accept 
this mnemonic. 


DIRECT 
IMMEDIATE 
INDIRECT@ 
INDEXED@ 


NORMAL 
AUTO-INC. 
SHORT 
lONG 


(.) 
(/) 
Z 
Q 
Z 
W 
W 
W 
8(/) 
W 
0 
-c 
Q 
(/) 
Q 
(/) 
Q 
(/) 
(/) 
8(/) 
Q 
(/) 
8(/) 
(/) 
8(/) 
~ 
a:: 
0 
W 
W(/) 
0 
W 
W(/) 
0 
W 
Ww 
W 
Ww 
0 
W 
Ww 
W 
Ww 
W 
W 
(.) 
~ 
!(W 
(.) 
~ 
!(W 
(.) 
~ 
!(~~ !(~ (.) 
~ 
!(~~ !(~ 
Z 
~ 
~ 
Io"! 
~ 
Io"! 
~ 
10"- 
t;i= 
~ 
10"- 
~- 
~ 
0 
0 
lD 
(/)~ 
0 
lD 
(/)~ 
0 
lD 
(/)~ 
lD 
0 
lD 
(/)~ 
lD 
(/)~ 


ARITHMETIC 
INSTRUCTIONS 


AOO 
2 
64 
3 
4 
65 
4 
5 
66 
3 
6/11 
3 
7/12 
67 
4 
6/11 
5 
7/12 


AOO 
3 
44 
4 
5 
45 
5 
6 
46 
4 
7/12 
4 
8/13 
47 
5 
7/12 
6 
8/13 


AOOB 
2 
74 
3 
4 
75 
3 
4 
76 
3 
6/11 
3 
7/12 
77 
4 
6/11 
5 
7/12 


AOOB 
3 
54 
4 
5 
55 
4 
5 
56 
4 
7/12 
4 
8113 
57 
5 
7/12 
6 
8/13 


AODC 
2 
A4 
3 
4 
A5 
4 
5 
A6 
3 
6/11 
3 
7/12 
A7 
4 
6/11 
5 
7/12 


AOOCB 
2 
B4 
3 
4 
B5 
3 
4 
B6 
3 
6/11 
3 
7/12 
B7 
4 
6/11 
5 
7/12 


SUB 
2 
68 
3 
4 
69 
4 
5 
6A 
3 
6/11 
3 
7/12 
6B 
4 
6/11 
5 
7/12 


SUB 
3 
48 
4 
5 
49 
5 
6 
4A 
4 
7/12 
4 
8/13 
4B 
5 
7112 
6 
8/13 


SUBB 
2 
78 
3 
4 
79 
3 
4 
7A 
3 
6/11 
3 
7/12 
7B 
4 
6/11 
5 
7/12 


SUBB 
3 
58 
4 
5 
59 
4 
5 
5A 
4 
7/12 
4 
8/13 
5B 
5 
7/12 
6 
8/13 


SUBC 
2 
A8 
3 
4 
A9 
4 
5 
AA 
3 
6/11 
3 
7/12 
AB 
4 
6/11 
5 
7/12 


SUBCB 
2 
B8 
3 
4 
B9 
3 
4 
BA 
3 
6/11 
3 
7/12 
BB 
4 
6/11 
5 
7/12 


CMP 
2 
88 
3 
4 
89 
4 
5 
8A 
3 
6/11 
3 
7/12 
8B 
4 
6/11 
5 
7/12 


CMPB 
2 
98 
3 
4 
99 
3 
4 
9A 
3 
6/11 
3 
7/12 
9B 
4 
6/11 
5 
7/12 


MULU 
2 
6C 
3 
25 
60 
4 
26 
6E 
3 
27/32 
3 
28/33 
6F 
4 
27/32 
5 
28/33 


MULU 
3 
4C 
4 
26 
40 
5 
27 
4E 
4 
28/33 
4 
29/34 
4F 
5 
28/33 
6 
29/34 


MULUB 
2 
7C 
3 
17 
70 
3 
17 
7E 
3 
19/24 
3 
20125 
7F 
4 
19/24 
5 
20/25 


MULUB 
3 
5C 
4 
18 
50 
4 
18 
5E 
4 
20/25 
4 
21/26 
5F 
5 
20/25 
6 
21126 


MUL 
2 
~ 
4 
29 
~ 
5 
30 
~ 
4 
31/36 
4 
32/37 
~ 
5 
31/36 
6 
32/37 


MUL 
3 
~ 
5 
30 
~ 
6 
31 
~ 
5 
32/37 
5 
33/38 
~ 
6 
32/37 
7 
33/38 


MULB 
2 
~ 
4 
21 
~ 
4 
21 
~ 
4 
23/28 
4 
24129 
~ 
5 
23128 
6 
24/29 


MULB 
3 
~ 
5 
22 
~ 
5 
22 
~ 
5 
24/29 
5 
25/30 
<2> 
6 
24/29 
7 
25/30 


DlVU 
2 
8C 
3 
25 
80 
4 
26 
8E 
3 
28/32 
3 
29/33 
8F 
4 
28/32 
5 
29/33 


DlVUB 
2 
9C 
3 
17 
90 
3 
17 
9E 
3 
20/24 
3 
21/25 
9F 
4 
20/24 
5 
21125 


DlV 
2 
~ 
4 
29 
~ 
5 
30 
~ 
4 
32/36 
4 
33/37 
~ 
5 
32/36 
6 
33/37 


DlVB 
2 
~ 
4 
21 
~ 
4 
21 
~ 
4 
24/28 
4 
25129 
~ 
5 
24/28 
6 
25/29 


NOTES: 
• long indexed adn Indirect + instructions have identical opcodes with Short indexed and Indirect modes. respectively. The 
second byte of instructions using any indirect or indexed addressing mode specifies the exact mode used. If the second byte 
is even. use Indirect or Short Index3d. If it is odd. use Indirect + or long indexed. In all cases the second byte of the 
instruction always specifies an even (word) location for the address referenced. 
1. Number of state times shown for internal/external operands. 
2. The opcodes of signed multiply and divide are the opcodes for the unsigned functions with an "FE" appended as a prefix. 


DIRECT 
IMMEDIATE 


..._ ....__ . 
..._----- 


NORMAL 
AUTO-INC. 
SHORT 
LONG 


u 
0 
Z 
Q 
11.1 
11.1 
11.1 
Z 
11.1 
80 
80 
80 
80 
i 
c 
Q 
0 
11.10 
Q 
0 
11.10 
Q 
0 
0 
Q 
0 
0 
0 
0 
0 
11.111.1 
~;0 
11.111.1 
11.111.1 
II: 
~ 
~II.I 
~ 


"'11.1 
11.1 
~~ 
11.1 
11.1 
~~ 
11.1 
~~ 
11.1 
11.1 
U 
~ 
~~ 
U !; 
!; 
U !; 
!; 
Z 
A. 
A. 
•..~ 
A. 
:n~ 
:n~ 
A. 
:n~ 
:n~ 
~ 
0 
0 
ID 
0~ 
0 
ID 
0~ 
0 
ID 
ID 
0 
ID 
ID 


LOGICAL 
INSTRUCnONS 


AND 
2 
60 
3 
4 
61 
4 
5 
62 
3 
6111 
3 
7/h 
63 
4 
6/11 
5 
7/12 


AND 
3 
40 
4 
5 
41 
5 
6 
42 
4 
7/12 
4 
8/13 
43 
5 
7/12 
6 
8/13 


ANDB 
2 
70 
3 
4 
71 
3 
4 
72 
3 
6111 
3 
7/12 
73 
4 
6111 
5 
7/12 


ANDB 
3 
50 
4 
5 
51 
4 
5 
52 
4 
7/12 
4 
8113 
53 
5 
7/12 
6 
8/13 


OR 
2 
80 
3 
4 
81 
4 
5 
82 
3 
6111 
3 
7/12 
83 
4 
6111 
5 
7/12 


ORB 
2 
90 
3 
4 
91 
3 
4 
92 
3 
6111 
3 
7/12 
93 
4 
6111 
5 
7/12 


XOR 
2 
84 
3 
4 
85 
4 
5 
86 
3 
6111 
3 
7/12 
87 
4 
6111 
5 
7/12 


XORB 
2 
94 
3 
4 
95 
3 
4 
96 
3 
6111 
3 
7/12 
97 
4 
6111 
5 
7/12 


DATA TRANSFER 
INSTRUCnONS 


LD 
2 
AO 
3 
4 
Al 
4 
5 
A2 
3 
6111 
3 
7/12 
A3 
4 
61ll 
5 
7/12 


LDB 
2 
BO 
3 
4 
B1 
3 
4 
B2 
3 
61ll 
3 
7/12 
B3 
4 
6/ll 
5 
7/12 


ST 
2 
CO 
3 
4 
- - -- 
C2 
3 
7/ll 
3 
8/12 
C3 
4 
7/ll 
5 
8/12 


STB 
2 
C4 
3 
4 
- 
- 
-- 
C6 
3 
7/11 
3 
8/12 
C7 
4 
7/ll 
5 
8/12 


LDBSE 
2 
BC 
3 
4 
BD 
3 
4 
BE 
3 
6111 
3 
7/12 
BF 
4 
6/ll 
5 
7/12 


LDBZE 
2 
AC 
3 
4 
AD 
3 
4 
AE 
3 
61ll 
3 
7/12 
AF 
4 
6/ll 
5 
7/12 


STACK OPERAnONS 
(Internal 
stack) 


PUSH 
1 
C8 
2 
8 
C9 
3 
8 
CA 
2 
11/15 
2 
12116 
CD 
3 
11115 
4 
12116 


POP 
1 
CC 
2 
12 
- - -- 
CE 
2 
14/18 
2 
14/18 
CF 
3 
14/18 
4 
14/18 


PUSHF 
0 
F2 
1 
8 


POPF 
0 
F3 
1 
9 
STACK OPERA nONS 
(extemal 
stack) 


PUSH 
1 
C8 
2 
12 
C9 
3 
12 
CA 
2 
15/19 
2 
16/20 
CB 
3 
15/19 
4 
16120 


POP 
1 
CC 
2 
14 
- 
- 
-- 
CE 
2 
16120 
2 
16120 
CF 
3 
16120 
4 
16120 


PUSHF 
0 
F2 
1 
12 


POPF 
0 
F3 
1 
13 


JUMPS 
AND CALLS 


MNEMONIC 
OPCODE 
BYTES 
STATES 
MNEMONIC 
OPCODE 
BYTES 
STATES 


UMP 
E7 
3 
8 
LCALL 
EF 
3 
13/16<5> 
SIMP 
20-27@ 
2 
8 
SCALL 
28-2F@ 
2 
13/16<5> 


BRI] 
E3 
2 
8 
RET 
FO 
1 
12116<5> 


TRAPQ) 
F7 
1 
21124 


NOTES: 
1. Number of state times shown for internal/external operands. 
3. The assembler does not accept thiB mnemonic. 
4. The least significant 3 bits of the opcode are concatenated with the following 8 bits to form an 11-bit. 2's complement, 
offset for the relative call or jump. 
5. State times for stack located internal/external. 


All conditional 
jumps are 2 byte instructions. 
They require 8 state times if the jump is taken, 4 if it is not. 


Mnemonic 
Opcode, 
Mn4,monlc 
Opcode 
Mnemonic 
Opcode 
Mnemonic 
Opcode 


JC 
DB 
JE 
OF 
JGE 
OS 
JGT 
02 


JNC 
03 
JNE 
07 
JLT 
DE 
JLE 
OA 


JH 
09 
JV 
DO 
JVT 
DC 
JST 
08 


JNH 
01 
JNV 
05 
JNVT 
04 
JNST 
DO 


These 
instructions 
are 3-byte instructions. 
They require 9 state times if the jU!T1Pis taken, 5 if it is not. 


Bit Number 


Mnemonic 
0 
1 
2 
3 
4 
5 
6 
7 


JBC 
30 
31 
32 
33 
34 
35 
36 
37 


JBS 
38 
39 
3A 
3B 
3C 
3D 
3E 
3F 


LOOP CONTROL 


3 BYTES; 
5/9 STATE TIMES (NOT TAKEN/TAKEN) 


Mnemonic 
Opcode 
Bytes 
States 
Mnemonic 
Opcode 
Bytes 
States 


OEC 
05 
2 
4 
EXT 
06 
2 
4 


OECB 
15 
2 
4 
EXTB 
16 
2 
4 


NEG 
03 
2 
4 
NOT 
02 
2 
4 


NEGB 
13 
2 
4 
NOTB 
12 
2 
4 


INC 
07 
2 
4 
CLR 
01 
2 
4 


INCB 
17 
2 
4 
CLRB 
11 
2 
4 


Instr 
Word 
Instr 
Byte 
Instr 
DBLWD 
State 
Times 
Mnemonic 
OP 
B 
PJlnemonlc 
OP 
B 
Mnemonic 
OP 
B 


SHL 
09 
3 
SHLB 
19 
3 
SHLL 
00 
3 
7 + 1 PER SHIFT(7) 


SHR 
08 
3 
SHRB 
18 
3 
SHRL 
OC 
3 
7 + 1 PER SHIFT(7) 


SHRA 
OA 
3 
SHRAB 
1A 
3 
SHRAL 
OE 
3 
7 + 1 PER SHIFT(7) 


Mnemonic 
Opcode 
Bytes 
States 
Mnemonic 
Opcode 
Bytes 
States 


SETC 
F9 
1 
4 
01 
FA 
1 
4 


CLRC 
F8 
1 
4 
EI 
FB 
1 
4 


CLRVT 
FC 
1 
4 
Nap 
FO 
1 
4 


RST(6) 
FF 
1 
166 
SKIP 
00 
2 
4 


Mnemonic 


NORML 


Bytes 


3 


NOTES: 
6. This instruction 
takes 
2 states 
to pull RST low, then holds 
it low for 2 states 
to initiate 
a reset. The reset takes 
12 states, 
at which 
time the program 
restarts 
al: location 
2080H. 
7. Execution 
will take at least 8 states, 
even for 0 shift. 


STATUS: 


o = A/O CURRENTLYIDLE 
1 = CONVERSION iN PROCESS 


X 


A/D 
RESULT: 
LEAST sIGNIFlC,NT 2 BITS 


-Hsl.O 
MODE 


-Hsl.l 
MODE 


-Hs1.2 
MODE 


-Hsl.3 
MODE 


WHERE EACH 2 - BIT MODE CO~TROL FIELD 
DEFINES ONE OF • 
POSSIBLE 1I0DEs: 


DO 8 POSITiVE TRANSITONs 
01 
EACH POSITIVE TRAllslTION 
10 
EACH NEGATIVETRANSITION 
11 
EVERY TRANSITION 
(POSITIVE AND NEGI,TlVE) 


CHANNEL: 


0-5 
HsO.O - HsO.5 
BIT: 
0 
6 
HsO.O AND flsO.1 


7 
HsO.2 AND flsO.3 


8-B 
SOFTWARETIMERS 


2 
E 
RESET TIMER:! 


3 
F 
START A / 0 I:ONVERsION 


• 
INTERRUPT/ NO INTERRUPT 


5 
SET/CLEAR 


TIMER 2/TiMERl 


X 


Hsl.O STATUS 


Hsl.l 
STATUS 


HsI.2 STATUS 


Hsl.3 
STATUS 


WHERE FOR EACH 2 - BIT STATUS FIELD THE LOWER 
BIT INDICATESWHETHER OR NOT AN EVENT HAS 
OCCUREDON THIS PIN AND THE UPPER BIT INDICATES 
THE CURRENT STATUS OF THE PIN. 


aJ 


CHANNEL' 
SELECTS 
WHICH 
OF" THE 8 


1 
ANALOG 
INPUT 
CHANNELS 
IS TO BE 


CONVERTED TO DIGITAL FORM. 


: 
GO INDICATES 
WHEN 
THE 
CONVERSION 
IS TO 


BE INmATED(GO= 
1 WEANS 
START 
NOW. 
GO = 0 
lrllEANS THE 
CONVERSION 
IS TO BE 


INITIATED 
BY THE HSQ 
UNIT 
AT A SPECIFIED 
TIME). 
270280-13 


B1T1. 
81T0 
SPECIFY 
THE 
WODE 


00 = WOOE 
0 
10=!l40DE 
2 


01=tr.lODEl 
11="'00£3 


PEN 
ENABLE 
THE PARITY 
fUNCTION 


REN 
ENABLES THE RECEIVE fUHCTlON 


TB8 
PROGRAtr.lS THE 9TH 
DATA BIT 


11 
IS THE 
TRANSMIT 
IHTrQRUPT 
fLAG 


RI 
IS THE RECEIVE INTERRUPT rLAG 


RBB 
IS THE 9TH 
DATA. RECEIVED 
(IF NOTPARITY) 


RPE 
IS THE 
PARITY 
ERROR 
INDICATOR 
(IF PARITYACTIVE) 


Using 
XTAL1: 


Mode 0: Baud = XTAL 1 frequency. 
B •• 


Rat. 
4'(8 + 1) 
• 
0 


Others: 
~~~: 
XTAL 11requency 
64' 
(8 + 1) 


Uelng 
T2CLK: 


Mode 
0: ~~~: 
T2CLK 
f~eqUenCY 
; B •• 0 


Others: '::.~:.,. T2CLK 
1:::uency; 
B" 
0 


HSI.O INPUT ENABLE / iill.ABLE 


TIt.4ER 2 RESET EACH WRITE 


HSI.l 
INPUT ENABLE/DISABLE 


TIt.4ER 2 EXTERNAL RESET ENABLE / DISABLE 


HSI.2 
INPUT ENABLE / DISABLE 


TIt.4ER 2 RESET SOURCE ~ SI.O / T2RST 


HSI.3 
INPUT ENABLE / DISABLE 


TIt.4ER 2 CLOCK SOURCE ItSI. 1 / T2CLK 


270280-15 


T2RST ---<) •- - IOCO.5 
I 


~~--T2RESET 


• - - IOCO.3 
••• 
IOCO.O 


HSI.O 
J'o-------- 
HSI 


••• 
IOCO.2 
ro"-o------ 
HSI 


HSI.l 
~-----._-- 
T1t.4ER2 


T2CLK ---<) •_. IOCO.7 
CLOCK 


;-- 
lOCO•• 


HSI.2 ---<)""0-----.-- 
HSI 


; •• 
IOCO.6 


HSI.3 ---<)""0--------- 
HSI 
270280-16 


HSO.O CURRENT STATI: 


HSO.l 
CURRENT STATI: 


HSO.2 CURRENT STATE: 


HSO.3 CURRENT STATE: 


HSO •• CURRENT STATE: 


HSO.5 
CURRENT STATE: 


CAt.4 QB HOLDING REGISTER IS FULL 


7 
HSO HOLDING REGISTE~ IS FULL 


270280-17 


SELECT PWt.4/ SELECT P2.5 


EXTERNAL INTERRUPT ACH7 / EXTINT 


TIt.4ER 1 OVERFLOW INTERRUPT ENABLE / DISABLE 


TIt.4ER 2 OVERFLOW INTERRUPT ENABLE / DISABLE 


HSO •• OUTPUT ENABLE / DISABLE 


SELECT TXD / SELECT P2.0 


HSO.5 
OUTPUT ENABLE / DISABLE 


HSI INTERRUPT 
flFO fULL / -HO-L-D-'N-G-R-E-Q-'S-T-ER-LO-A-D-E-D 


270280-18 


Vector Location 
Vector 
(High 
(Low 
Priority 


Byte) 
Byte) 


Software 
2011 H 
2010H 
Not Applicable 
Extint 
200FH 
200EH 
7 (Highest) 
Serial Port 
200DH 
200CH 
6 
Software 
200BH 
200AH 
5 
Timers 
HSI.O 
2009H 
2008H 
4 
High Speed 
2007H 
2006H 
3 
Outputs 
HSI Data 
2005H 
2004H 
2 
Available 
AID 
Conversion 
2003H 
2002H 
1 
Complete 
Timer Overflow 
2001H 
2000H 
o (Lowest) 


SOFTWARE TIt.4ER 0 EXPIRED 


SOFTWARE T1t.4ER1 EXPIRED 


SOFTWARE TIt.4ER 2 EXPIRED 


SOFTWARE TIt.4ER 3 EXPIRED 


TIt.4ER 2 HAS OVERFLOW 


TIt.4ER 1 HAS OVERFLOW 


HSI FIFO IS FULL 


HSI HOLDING REGISTER DATA AVAILABLE 


iiltJ 


Functional deviations from the 809X and 839X on 
the 809X-90 and 839X-90. 


CPU Section 
1. Indexed, 3 Operand Multiply-- The displacement 
portion of an indexed, three word multiply may not 
be in the range of 200H thru 17FFH inclusive. 
This also includes byte multiples that use 3-oper- 
ands. 
2. Add or Subtract with carry-The 
zero flag is both 
set and cleared by these instructions. Zero check- 
ing must be done after each operation. 
3. EXT-This 
instruction never Hets the N flag, and 
always sets the Z flag. The EXTB works correctly. 
Check the flags before executing an EXT instruc- 
tion. Additionally, having mOrElthan 2 wait states 
during EXT (extend word only) instruction may 
cause the instruction to produce incorrect results. 
4. Read-Modify-Write on Interrupt Pending-A 
read- 


modify-write instruction on the interrupt pending 
register may cause interruptH that occur during 
execution of the instruction to be missed. 
5. READY line-The 
READY I ne should not be 


brought low during the execution of an instruction 
that accesses HSI_TIME, SF'_STAT or IOS1. It 
should also not be brought low for a data write 
during the instruction immediately preceding one 
of the above operations. Do not use wait states 
for program memory that hold!. these instructions. 
Also place an NOP between writes to slow memo- 
ry and accesses to HSO_TIME, 
SP_STAT, or 


IOS1. 
The READY line also should not be brought low 
for more than two state times when using the EXT 
(extend word) instruction. 
6. Signed Divide-The 
V and VT flags may indicate 


an overflow after a signed divide when no over- 
flow has occurred. 


7. The sticky flag is not affected when a shift by zero 


is executed on an 8X9X-90. 
8. The JBS and JBC instructions should not be used 


directly on P2.1 or any pins of Port 0, if used as 
digital I/O. If it is necessary to test these bits, first 
load the port data into a temporary register, and 
then test the bit there. 
9. The first few instructions of s.n interrupt service 


routine should check 109 1.7 and exit if the Hold- 
ing Register is not loaded. This will successfully 
clear all unwanted events. 


HSI/HSO 
Section 


1. HSI Timing-An 
event occurring within 16 state 


times of a prior event on the Hame HSI line may 


not be recorded. Additionally, an event occurring 
within 16 state times of a prior event on another 
HSI line may be recorded with a time tag one 
count earlier than expected. Events are defined 
as the condition the line is set to trigger on. The 
effective resolution is increased to 4 !JoS for such 
closely spaced events. 


2. HSI Divide by 8 Mode-If 
an event on a pin set to 


look for every eighth transition occurs less than 
16 state times after an event on any other pin, 
then the divide by 8 event will be recorded twice 
in the HSI FIFO. The time tag of the duplicate 
FIFO entry will be equal to that of the initial entry 
plus one. The programmer's software should de- 
tect and discard the second entry. 
3. HSO Interrupts-Software 
timer interrupts cannot 


be generated by the HSO commands that reset 
Timer 2 or start an A to 0 conversion. 


Serial Port Section 
1. Serial Port Flags-Reading 
SP_STAT 
may not 


clear the TI or RI flag if that flag was set within 
two state times prior to the read. In addition, the 
parity error bit (RPE/RB8) may not be correct if it 
is read within two state times after RI is set. Use 
the following code to replace ORB sp_image, 
SP_STAT. 


SP_READ: LDB TEMP, SP_STAT 
ORB SP_IMAGE, 
TEMP 


JBS TEMP,5,SP_READ; 
if TI 


is set then read again 
JBS TEMP,6.SP_READ; 
if RI 


is set then read again 
ANDB SP_IMAGE,#7FH; 
clear 


false RB8/RPE 
ORB SP_IMAGE, 
TEMP; load 
correct RB8/RPE 
2. Serial Port Mode 0- The serial port is not tested 


in Mode O. The receive function in this mode does 
not work correctly. The receive function will not 
work unless the first bit shifted in is a one. 
3. Serial Port Baud Value-Loading 
the baud rate 


register with 8000H (maximum baud rate, internal 
clock) may cause an 11 millisecond delay (at 
Fosc = 12 MHz) before the port is properly initial- 
ized. After initialization the port works properly. 
Include a 44000 state time delay after writing 
8000H to the Baud Rate Register. 


Standard 
I/O Section 
1. Ports 3 and 4 (Internal Execution Mode Only)-To 


be used as outputs, Ports 3 and 4 each must be 
addressed as words but written to as bytes. To 
write to Port 3 use "ST temp, 1ffeh", where the 
low byte of "temp" contains the data for the port. 
To write to Port 4, use the DCB operator to gener- 


inter 


ate the opcode sequence "OC3H, 001H, OFFH, 
01FH, (temp)", where the hi~lh byte of "temp" 
contains the data for the port. Ports 3 and 4 will 
not work as input ports. 
Additionally, when using Ports :3 and 4 as outputs, 
the address IFFEH or IFFFH (depending on a 
write to Port 3 or 4) will appear on the bus. No 
control signals are present, just bus data. 


P---- .. 
, 
, 
, 
, 


, 
, If ~.LE woro 
to como 
out 
______ 
4 
•. _. 
_ 


The following information was nol in the 1984 "8096 
Users Manual' 
1. After a chip reset the Watchdoq Timer will not run 


until a "01 EH" followed by a "OE1H" is written to 
the Watchdog Timer register. After this is done 
the Watchdog Timer functions ,:isdescribed in the 
users manual until the next chip reset. This fea- 
ture permits disabling of the Watchdog by simply 
not writing to it. 


2. External interrupts on PO.7 are sampled every 


state time instead of every eight state times. 


3. The baud rate generated in the external clock 


mode is four times faster than stated in the Users 
Manual. The correct formula for other than mode 
o using T2CLK as the input frequency is: 


Baud Rate = Input Frequency/(16·B). 


4. If more than one HSO event is scheduled to occur 


with interrupts at the same time multiple HSO in- 
terrupts may occur. This is because HSO inter- 
rupts are internal events and as such are not syn- 
chronized to Timer 1. 


5. Locations 2012H through 207FH in external mem- 


ory must be filled with the hex value OFFFFH to 
ensure compatibility with future parts. The internal 
locations in this range are still reserved for the 
factory test code. 
6. There are several restrictions on using the special 


function registers. 
A. Neither the source nor the destination address- 


es of the Multiply and Divide instructions can 
be a writable special function register. 


B. These registers may not be used as base or 


index registers for indexed or indirect instruc- 
tions. 
C. Several of these registers can only be ac- 


cessed as words, while others only as bytes. 
These restrictions are listed in Chapter 3 of the 
manual. 


Package 
ThetaJA 
ThetaJC 


48 Ld ceramic DIP 


, 
26·C/W 
6.5·C/W 


68 Ld Ceramic Grid Array 
35·C/W 
10·C/W 


68 Ld Plastic Leaded Chip Carrier 
37"C/W 
10·C/W 


68 Ld Plastic Flat Pack 
36·C/W 
12"C/W 


Theta 
jA = Thermal 
resistance 
between 
junction 
and the surrounding 
environment 
(ambient). 
Measurement 
taken 
1 ft. away from 
case 
in air flow 
environment. 
Theta 
JC = Thermal 
resistance 
between 
junction 
and package 
surface 
(case). 


All values of theta jA and theta jC may fluctuate depending on the environment (with or without air flow, and 
how much air flow) and device Ice and Vcc of operation. Typical variations are ±2·C/Watt. 


There are 5 types of I/O lines on the 8096. Of these, 
2 are inputs and 3 are outputs. All of the pins of the 
same type have the same current/voltage charac- 
teristics. Some Ofthe input pins, such as XTAL1 and 
RESET, may have slightly different characteristics. 


While discussing the character stics of the I/O pins 
some approximate current and voltage specifica- 
tions will be given. The exact specifications are 
available in the DC section of t~is data sheet. 


The quasi-bidirectional port is both an input and an 
output port. It has three states, low impedance cur- 
rent sink, low impedance currElntsource, and high 
impedance current source. As a low impedance cur- 
rent sink, the pin has specification of sinking up to 
around 0.4 milliamps, while staying below the 0.45 
volt level. The pin is placed in tl,is condition by writ- 
ing a '0' the SFR (Special Function Register) con- 
trolling the pin. 


When a '1' is written to the SFFI location controlling 
the pin, a low impedance current source is turned on 
for one state time, then it is turnl~doff and the deple- 
tion pullup holds the line at a bgical '1' state. The 
low impedance pullup is used to shorten the rise 
time of the pin, and has current source capability on 
the order of 100 times that of the depletion pullup. 
The configuration of a quasi-bidirectional port pin is 
shown in Figure 9. 


While the depletion mode pullup is the only device 
on, the pin may be used as an input with a leakage 
of around 100 microamps from 0.45 volts to Vcc. It 
is ideal for use with TIL and CMOS chips and may 
even be used directly with switches, however if the 
switch option is used certain pmcautions should be 
taken. It is important to note that any time the pin is 
read, the value returned will be the value on the pin, 
not the value placed in the cClntrol register. This 
could prevent logical operations on these pins while 
they are used as inputs. 


Quasi-Bidirectional 
Hardware 


Connections 


When using the quasi-bidirectional ports as inputs 
tied to switches, series resistance may be needed if 
the ports will be written to internally after the part is 
initialized. The amount of current sourced to ground 
by each pin is typically 20 milliamps or more. There- 
fore, if all 8 pins are tied to ground, 160 mA will be 
sourced. This is equivalent to instantaneously dou- 
bling the power used by the chip and may cause 
noise spikes in some applications. 


This potential problem can be solved in hardware or 
software. In software, never write a zero to a pin 
being used as an input. In hardware, a 1K resistor in 
series with each pin will limit the current to a reason- 
able value without impeding the ability to override 
the high impedance pullup. If all 8 pins are tied to- 
gether, a 120.n resistor would be reasonable. The 
problem is not quite as severe when the inputs are 
tied to electronic devices instead of switches, as 
most external pulldowns will not hold 20 mA to 
0.0 volts. 


If a switch is used on a long line connected to a 
quasi-bidirectional pin, a pullup resistor is recom- 
mended to reduce the possibility of noise glitches 
and to decrease the rise time of the line. On ex- 
tremely long lines that are handling slow signals a 
capacitor may be helpful in addition to the resistor to 
reduce noise. 


Input Ports, Analog and Digital 


The high impedance input ports on the 8096 have 
.an input leakage of a few microamps and are pre- 
dominantly capacitive loads on the order of 10 pF. 
The Port 0 pins have an additional function when the 
A/D converter is being used. These pins are the in- 
put to the A/D converter, and as such, are required 
to provide current to the comparator when the con- 
version is in process. This means that the input char- 
acteristics of a pin will change if a conversion is be- 
ing done on that pin. For further information see the 
MCS-96 Architectural Overview Chapter of the Em- 
bedded Controller Handbook. 
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STATE 
TIME 
OELAY 


Low Impedance 
Pullup 
High Impedance 
Pullup 
Low Impedance 
Pulldown 


2V 
4V 
vOH 
2V 
4V 


vOl. 


NOTE: 
These 
graphs 
show typical 
pin capabilities, 
they are not guaranteed 
specifications 


Figure 9. Quasi-Bidirectional 
Port 


Open Drain Ports 


Ports 3 and 4 on the 8096 are open drain ports. 
There is no pullup when these pins are used as I/O 
ports. These 
pins have diffemnt 
characteristics 
when used as bus pins. A diagram of the output buff- 
ers connected to Ports 3 and 4 and the bus pins is 
shown in Figure 10. 


When the Ports 3 and 4 are usod as inputs, or as 
bus pins, they must first be written with a '1', this will 
put the ports in a high impedancElmode. When they 
are used as outputs, a pullup resiBtor MUST be used 
externally. The sink capability of these pins is on the 
order of 0.4 milliamps so the total pullup current to 
the pin must be less than this. A 15K pullup resistor 
will source a maximum of 0.33 milliamps, so it would 
be a reasonable value to choose if no other circuits 
with pullups were connected to the pin. 


HSO Pins, Control Outputs and Bus 
Pins 


The control outputs and HSO pins have ~utput buff- 
ers with the same output characteristics as those of 
the bus pins. Included in this category of control out- 
puts are: TXD, RXD (in Mode 0), PWM, CLKOUT, 
ALE, SHE, RD, and WR. The bus pins have three 
states: output high, output low, and high impedance 
input. As a high output, the pins are specified to 
source around 200 /-LA to 2.4 volts, but the pins can 
source on the order of ten times that value in order 
to provide fast rise times. When used as a low out- 
put, the pins can sink around 2 mA at 0.45V, and 
considerably more as the voltage increases. When 
in the high impedance state, the pins act as a capac- 
itive load with a few microamps of leakage. Figure 
10 gives the internal configuration of a bus pin and 
its typical pin capabilities. 
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NOTE: 
These 
graphs 
show typical 
pin capabilities, 
they are not guaranteed 
specifications 
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Figure 
11 is an lee vs. temperature 
for the MCS-96 
family. Test conditions 
are stated 
and actuals 
may vary 


depending 
on speed, package, 
Vce and temperature, 
but will not exceed 
maximum 
limit of 200 mA at any case 
temperature 
between 
- 40·C thrcugh + 125·C. 
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•Notice: Stresses above those listed under "Abso- 
lute Maximum Ratings" may cause permanent dam- 
age to the device. This is a stress rating only and 
functional operation of the device at these or any 
other conditions above those indicated in the opera- 
tional sections of this specification is not implied Ex- 
posure to absolute maximum rating conditions for 
extended periods may affect device reliability. 


Case Temperature 
Under Bias 
-40·C 
to + 125·C 


Storage Temperature 
- 40·C to + 150·C 


Voltage 
from Any Pin to 
Vss or ANGND 
- 0.3V to + 7.0V 


Average 
Output Current from Any Pin 
10 mA 


Power Dissipation. 
. . . . . . . . . .. 
. 
1.5 Watts 
NOTICE Specifications contained within the 
following tables are subject to change. 


Symbol 
Parameter 
Min 
Max 
Units 


Te 
Case Tomperature 
Under Bias 
-40 
+125 
C 


Vea 
Digital Supply Voltage 
4.50 
5.50 
V 


VREF 
Analog .supply Voltage 
4.5 
5.5 
V 


fose 
Oscillator 
Frequency 
6.0 
12 
MHz 


VPD 
Power-Down 
Supply Voltage 
4.50 
5.50 
V 


NOTE: 
Vss should be connected to ANG~ID through a 0.01 fLF capacitor. ANGND and Vss should be nominally at the same 
potential. 


D.C. CHARACTERISTIC!; 


Symbol 
PSlrameter 
Min 
Max 
Units 
Test Conditions 


V,L 
Input Low Voltage 
(EJecept RESET) 
-0.3 
+0.8 
V 


V,L1 
Input Low Voltage, 
RESET 
-0.3 
+0.7 
V 


VIH 
Input High Voltage (Except RESET, NMI, XTAL1) 
2.0 
Vee +0.5 
V 


V,H1 
Input High Voltage, 
RESET Rising 
2.4 
Vee +0.5 
V 


V,H2 
Input High Voltage, 
RESET Falling 
2.1 
Vee +0.5 
V 


V,H3 
Input High Voltage, 
NMI, XTAL 1 
2.4 
Vee +0.5 
V 


VOL 
Output Low Voltage(1) 
0.5 
V 


VOH 
Output High Voltage(:!) 
2.4 
V 


Ice 
Vee Supply Current 
200 
mA 
All Outputs 
Disconnected 


IpD 
VPD Supply Current 
1 
mA 
Normal operation 
and Power-Down 


IREF 
VREF Supply Current 
8 
mA 


Iu 
Input Leakage Current to all pins of HSI, 
±10 
p.A 
Vin = OtoVee 
P3, P4, and to P2.1 


IU1 
Input Leakage to Port 0 
±3 
p.A 
V,N = OtoVee 


I'H 
Input High Current to i::A 
100 
p.A 
VIH = 2.4V 


I'L 
Input Low Current to <:111 pins of P1, 
-100 
p.A 
V,L = 0.45V 


and to P2.6, P2.7 


1'L1 
Input Low Current to FIESET 
0.3 
-2 
mA 
V,L = 0.45V 


I'L2 
Input Low Current P2..2, P2.3, P2.4, READY 
-50 
p.A 
VIL = 0.45V 


Cs 
Pin Capacitance 
(Any Pin to VSS)(3) 
10 
pF 
fTEST = 1.0 MHz 


NOTES: 
1. IOL = 0.36 mA for all pins of P1, for P2.6 and P2.7. and for a!!..£insof P3 and P4 when used as ports. IOL = 2.0 mA for 
TXD, RXD (in serial port mode 0), PWM, eLKOUT, ALE, SHE, RD, WR, and RESET and all pins of HSO and P3 and P4 
when used as external memory bus (I\DO-AD15). 
2. 'OH - 
-20 ~for 
all pins of P1, for P2.6 and P2.7. 'OH = -200 
fLA for TXD, RXD .(in serial port mode 0), PWM, 


eLKOUT, ALE, SHE, WR. and all pins of HSO and P3 and P4 when used as external memory bus (ADO-AD15). P3 and P4, 
when used as ports, have open-drain outputs. 
3. The values are not tested in produ(:tion and are based on theoretical estimates and laboratory tests. 


OPERATING 
CONDITIONS 


VCC, VPD, VREF 
4.5Vto 
5.5V 


VSS, ANGND 
O.OV 


TC 
-40·Cto 
+ 125·C 


FOSC 
6.0 to 12.0 MHz 


Test Conditions: 
VREF 
5.120V 


The absolute 
conversion 
accura.cy is dependent 
on 
the accuracy 
of VREF. The speGifications 
given be- 


low assume 
adherence 
tei the Operating 
Conditions 
section 
of these 
data 
sheets. 
Testing" is done 
at 
VREF = 5.120V. 


Parameter 
Typlcal·l1l 
Minimum 
Maximum 
Units·· 
Notes 


Resolution 
1024 
1024 
Levels 
10 
10 
Bits 


Absolute 
Error 
0 
±4 
LSBs 


Full Scale Error 
-0.5 
±0.5 
LSBs 


Zero Offset Error 
±0.5 
LSBs 


Non-Linearity 
0 
±4 
LSBs 


Differential 
Non-Linearity 
0 
±2 
LSBs 


Channel-to-Channel 
Matching 
0 
±1 
LSBs 


Repeatability 
±0.25 
LSBs 
1 


Temperature 
Coefficients: 
Offset 
0.009 
LSBI"C 
1 


Full Scale 
0.009 
LSBI"C 
1 


Differential 
Non-Linearity 
0.009 
LSBI"C 
1 


Off Isolation 
-60 
dB 
1,2,3 


Feedthrough 
-60 
, 
dB 
1,2 


Vcc Power Supply Rejection 
-60 
dB 
1,2 


Input Resistance 
1K 
5K 
.n 
1 


D.C. Input Leakage 
0 
3.0 
/LA 


NOTES: 
• These 
values 
are expected 
for mo~,t parts at 2SoC . 
•• An "LSS", 
as used here, is defined 
in the glossary 
which 
follows 
and has a value 
of approximately 
S mY. 
1. These 
values 
are not tested 
in production 
and are based 
on theoretical 
estimates 
and laboratory 
tests. 
2. DC to 100 KHz. 
3. Multiplexer 
Sreak-Sefore-Make 
Guaranteed. 
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ABSOLUTE ERROR-The 
maximum difference be- 
tween corresponding actual and ideal code tran- 
sitions. Absolute Error accounts for all deviations of 
an actual converter from an ideal converter. 


ACTUAL 
CHARACTERISTIe--The 
characteristic 
of an actual converter. The characteristic of a given 
converter may vary over tempetrature, supply volt- 
age, and frequency conditions. An actual character- 
istic rarely has ideal first and last transition locations 
or ideal code widths. It may even vary over multiple 
conversions under the same conditions. 


BREAK-BEFORE-MAKE- 
The property of a multi- 
plexer which guarantees that a previously selected 
channel will be deselected before a new channel is 
selected. (e.g. the converter will not short inputs to- 
gether.) 


CHANNEL-TO-CHANNEL MATGHING- The differ- 
ence between corresponding code transitions of ac- 
tual characteristics taken from di1ferentchannels un- 
der the same temperature, voltage and frequency 
conditions. 


CHARACTERISTIC-A 
graph of input voltage ver- 
sus the resultant output code for an AID converter. 
It describes the transfer function of the AID convert- 
er. 


CODE-The 
digital value output by the converter. 


CODE CENTER-The 
voltage corresponding to the 
midpoint between two adjacent c:odetransitions. 


CODE TRANSITION-The 
point at which the con- 
verter changes from an output code of Q, to a code 
of Q + 1. The input voltage corresponding to a code 
transition is defined to be that voltage which is 
equally likely to produce eithe' 
of two adjacent 
codes. 


CODE WIDTH-The 
voltage co'responding to the 
difference between two adjacent code transitions. 


D.C. INPUT LEAKAGE-Leakage 
current to ground 
from an analog input pin. 


DIFFERENTIAL NON-LiNEARITY-The 
difference 
between the ideal and actual code widths of the ter- 
minal based characteristic. 


FEEDTHROUGH-Attenuation 
of a voltage applied 
on the selected channel of the AID Converter after 
the sample window closes. 


FULL SCALE ERROR-The 
difference between the 
expected and actual input voltage corresponding to 
the full scale code transition. 


IDEAL CHARACTERISTIC-A 
characteristic with 
its first code transition at VIN = 0.5 LSB, its last 
code transition at VIN = (VREF - 
1.5 LSB) and all 
code widths equal to one LSB. 


INPUT RESISTANCE-The 
effective series resist- 
ance from the analog input pin to the sample capaci- 
tor. 


LSB-Least 
Significant 
Bit: The voltage corre- 
sponding to the full scale voltage divided by 2", 
where n is the number of bits of resolution of the 
converter. For a 10-bit converter with a reference 
voltage of 5.12V, one LSB is 5.0 mY. Note that this 
is different than digital LSBs, since an uncertainty of 
two LSB, when referring to an AID converter, equals 
10 mY. (This has been confused with an uncertainty 
of two digital bits, which would mean four counts, or 
20 mV.) 


MONOTONIC-The 
property of successive approxi- 
mation converters which guarantees that increasing 
input voltages produce adjacent codes of increasing 
value, and that decreasing input voltages produce 
adjacent codes of decreasing value. 


NO MISSED CODES-For 
each and every output 
code, there exists a unique input voltage range 
which produces that code only. 


NON-LINEARITY-The 
maximum deviation of code 
transitions of the actual characteristic from the cor- 
responding code transitions of the terminal based 
characteristic of the converter. 
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OFF·ISOLATION-Attenuation of a voltage applied 
on a deselected channel of the MD converter. (Also 
referred to as Crosstalk.) 


REPEATABILITY-The 
difference between corre- 
sponding code transitions from different actual char- 
acteristics taken from the saml~ converter on the 
same channel at the same temp,~rature,voltage and 
frequency conditions. 


RESOLUTION-The 
number of input voltage levels 
that the converter can unambiguously distinguish 
between. Also defines the number of useful bits of 
information which the converter can return. 


SUCCESSIVE APPROXIMATION-An 
AID conver- 
sion method which uses a binarJlsearch to arrive at 
the best digital representation of an analog input. 


TEMPERATURE COEFFICIENTS-Change 
in the 
stated variable per degree centigrade temperature 
change. Temperature coefficients are added to the 
typical values of a specification to see the effect of 
temperature drift. 


TERMINAL BASED CHARACTERISTIC-An 
actual 
characteristic which has been rotated and translated 
to remove zero offset and full scale error. 


Vcc REJECTION-Attenuation of noise on the Vcc 
line to the AID converter. 


ZERO OFFSET-The 
difference between the ex- 
pected and actual input voltage corresponding to 
the first code transition. 
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A.C. CHARACTERISTICS 
(VCC, VPD = 4.5 to 5.5 Volts; Tc = - 40·C to + 125·C; fosc = 6.0 to 12.0 MHz) 


Test Conditions: 
Load Capacitance 
on Output 
Pins = 80 pF 
Oscillator 
Frequency 
= 12.00 MHz 


Symbol 
P21rameter 
Mln 
Max 
Units 


TCLYX 
READY Hold after CLKOUT Edge 
0 
ns 


TLLYV 
End of ALE tc READY Setup 
- Tosc 
2Tosc-60 
ns 


TLLYH 
End of ALE to READY High 
2 Tosc+60 
4Tosc-60(1) 
ns 


TYLYH 
Non-ready Time 
1000 
ns 


TAVDV 
Address Valid to Input Data Valid 
5Tosc-l00 
ns 


TRLDV 
RD/ Active to Input Data Valid 
3Tosc-70 
ns 


TRXDX 
Data Hold aftor RD/inactive(2) 
0 
ns 


TRXDZ 
RD/lnactive 
It) Input Data Float(2) 
Tosc-20 
ns 


Symbol 
Parameter 
Min 
Max 
Units 


FXTAL 
Oscillator FrElquenCY 
6.00 
12.00 
MHz 


Tosc 
Oscillator Pel'iod 
83 
166 
ns 


TOHCH 
Oscillator Hiqh to CLKOUT High(3) 
0 
120 
ns 


TCHCH 
CLKOUT Period(2) 
3Tosc(3) 
3Tosc(3) 
ns 


TCHCL 
CLKOUT HiQhTime 
Tosc-20 
Tosc+20 
ns 


TCLLH 
CLKOUT LoY!to ALE High 
-25 
20 
ns 


TLLCH 
ALE Low to CLKOUT High 
Tosc-20 
Tosc+40 
ns 


TLHLL 
ALE Pulse W dth 
Tosc-30 
Tosc+20 
ns 


TAVLL 
Address Setup to End of ALE 
Tosc-60 
ns 


TLLRL 
End of ALE to RD/ or WR/ Active 
Tosc-20 
ns 


TLLAX 
Address Holo After End of ALE 
Tosc-20 
ns 


TWLWH 
WR/ Pulse Width 
2Tosc-35 
ns 


TQVWX 
Output Data Setup to End of WR/ 
2Tosc-60 
ns 


TWXQX 
Output Data Hold After End of WR/ 
Tosc-25 
ns 


TWXLH 
End of WR/ to Next ALE 
2Tosc-30 
ns 


TRLRH 
RD/ Pulse Width 
3Tosc-30 
ns 


TRHLH 
End of RD/ tel Next ALE 
Tosc-25 
ns 


NOTES: 
1. If more than one wait state is desimd, add 3Tosc for each additional wait state. 
2. This specification is not tested, but is verified by design analysis and/or derived from other tested parameters. 
3. CLKOUT is directly generated as a divide by 3 of the oscillator. The period will be 3Tosc ± 10 ns if Tosc is constant and 
the rise and fall times on XTAL 1 are less than 10 ns. CLKOUT is not bonded out on 48-pin parts. 
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MCS®-96 
EJ09XBH/839XBH/879XBH 
ADVANCED 
16-BIT MICROCONTROLLER 
WITH 8- OR 16-BIT EXTERNAL BUS 
AUTOMOTIVE 


• 
Run-Time Programmable 
EPROM 
• 
High Speed I/O Subsystem 
• 
Full Duplex Serial Port 
• 
Dedicated Baud Rate Generator 
• 
6.25 JJ-s16 x 16 Multiply 
• 
6.25 JJ-s32/16 Divide 
• 
16-Bit Watchdog Timer 
• 
Four 16-Bit Software Timers 
• 
Two 16-Bit Counters/Timers 
• 
Available in 68-Pin PGA, PLCC, LCC, 
CFP and PFP 
(See Packaging 
Specifications, 
Order 
# 231369) 


• 
Extended Automotive 
Temperature 
Range (-40·C 
to + 125·C Case) 


• 
High Performance 
NMOS Process 
• 
8K Bytes On-Chip ROM/EPROM 
• 
232 Byte Register File 
• 
Register-to-Register 
Architecture 
• 
10-Bit AID Converter with S/H 
• 
Five 8·Bit I/O Ports 
• 
20 Interrupt Sources 
• 
Pulse-Width Modulated Output 
• 
ROM/EPROM Lock 


The MCS-96 family of 16-bit mierocontrollers 
consists 
of many members, 
all of which 
are designed 
for high- 
speed 
control 
functions. 
The MCS-96 
family 
members 
produced 
for automotive, 
using Intel's 
HMOS-III 
pro- 
cess, are described 
in this data sheet. 


The CPU, as well as the 8- or 16-bit external 
bus, supports 
bit, byte, and word operations. 
Thirty·two-bit 
double 
words are supported 
for a subsElt of the instruction 
set. With a 12 MHz input frequency 
the 8096BH 
can do a 
16-bit addition 
in 1.0 IJ-s and a 16 x 16-bit multiply 
or 32/16 
divide 
in 6.25 IJ-s. Instruction 
execution 
times 
average 
1 IJ-sto 2 IJ-sin typical 
,applications. 


Four high-speed 
capture 
inputs are provided 
to record the times at which external 
events occur. Rising, falling, 


rising and falling, 
or every eight rising edges 
can be recorded 
every 2 IJ-sat 12 MHz. Six high-speed 
pulse 
generator 
outputs 
are provided 
to trigger 
external 
events 
at preset 
times. 
The 
high-speed 
output 
unit can 
simultaneously 
perform 
software 
timer functions. 
Up to four 16-bit software 
timers can be in operation 
at once. 


The 
on-chip 
AID 
converter 
includes 
a Sample 
and 
Hold, 
and converts 
up to 8 multiplexed 
analog 
input 
channels 
to 10-bit digital values. 
With a 12 MHz input frequency, 
each conversion 
takes 22 IJ-s.AID 
conver- 


sions 
can be performed 
at preprogrammed 
times, 
or asynchronously. 
This feature 
is only available 
on the 
8X97BH's. 


Also 
provided 
on-chip 
are: a full duplex, 
double 
buffered 
receive 
serial 
port 
with 
3 asynchronous 
and 
1 
synchronous 
modes; 
a 16-bit wcltchdog 
timer, and a 256 state pulse-width 
modulated 
output 
signal. 


For further 
information 
regardin~1 the 8X9XBH 
product 
family, consult 
the MCS-96 
section 
of the Embedded 
Controller 
Handbook, 
or DocumBnt 
number 270090. 


:~l'; 
"" 


: POltH 
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The 8X9XBH 
is available 
in 68-pin 
packages, 
with 
and without AID, 
and with and without 
on-chip 
ROM 
or EPROM. 
The MCS-96 
nome,clature 
is shown 
in 
Figure 2. Figures 4-8 
show the pinouts 
for all avail- 
able 68-pin 
packages: 
Plastic 
Leaded 
Chip Carrier 
(PLCC), Plastic Flatpack 
(PFP), Ceramic 
Pin Grid Ar- 
ray (PGA), 
type 
"B" 
Leadless 
Chip Carrier 
(LCG) , 
and Ceramic 
Flatpack 
(CFP). 


The 8X9XBH 
is also available 
in three temperature 
range options: 
Commercial, 
Extended 
and Automo- 
tive. 


Intel's 
extended 
and automotivEl 
temperature 
range 
products 
are designed 
to meet the needs 
of those 
applications 
whose 
operating 
mquirements 
exceed 
commercial 
standards. 


With 
the 
commercial 
standard 
temperature 
range, 


operational 
characteristics 
are guaranteed 
over the 
temperature 
range of O°C to 70°C ambient. 


With the extended 
temperature 
range option, 
opera- 
tional 
characteristics 
are guaranteed 
over the tem- 
perature 
range of - 40°C to + 85°C ambient. 
For the 
automotive 
temperature 
range 
option, 
operational 
characteristics 
are guaranteed 
over the temperature 
range of -40°C 
to + 125°C case. 


The automotive, 
extended, 
and commercial 
temper- 
ature 
versions 
of the 
MCS-96 
product 
families 
are 
available 
with or without 
burn-in options 
as listed in 
Table 
1. 


As 
shown 
in Figure 
2, temperature, 
burn-in, 
and 
package 
options 
are indentified 
by a one- or two-let- 
ter prefix to the part number. 
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BH 


~ 
'"'''' """ '" 
AID 
OPTION: 
6 = WITHOUT AID 
7 = WITH AID 


L 
PROGRA~ 
~E~ORY 
OPTION: 
o = RO~LESS 
3= RO~ 
7= 
EPRO~ 


l- 
PACKAGE 
TYPE OPTION: 


SEE TABLE 
2, COLU~N 
5 
Q = HER~ETIC, 
CERA~IC 
FLATPACK 
A = HER~ETIC, 
PIN GRID ARRAY 
R = HER~ETIC, 
LEADLESS 
CHIP 
CARRIER 
(LCC) 
N = PLASTIC, 
LEADED 
CHIP 
CARRIER 
(PLCC) 
P = PLASTIC, 
FLATPACK 
l- 
TE~PERATURE, 
BURN - 
IN OPTION: 


SEE TABLE 
1 


Temperature 
Temperature 
Operating 
Burn-In 
Classification 
IDesignation 
Temperature 
125°C (Hr) 


Commercial 
Null 
O°Cto + lO°C Ambient 
None 
Q 
O°Cto + lO°C Ambient 
168 ±8 


Extended 
T 
- 40°C to + 85°C Ambient 
None 
L 
- 40°C to + 85°C Ambient 
168 +8 


Automotive 
A 
- 40°C to + 125°C Case 
None 
B 
- 40°C to + 125°C Case 
168 +8 


NOTES: 
1. Burn-in is dynamic at + 125°C, Vcc = 5.5V ±0.5V, following guidelines in MIL-STD-883 
method 1015. 
2. Other burn-in durations are also available, but not standard. 
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PIN 
FUNCTION 
19 


1 
ACH7 
25 
AD7 
68-ACH5 
20 
2 
ACH6 
26 
AD8 
~~- 
H502 
21 
3 
ACH2 
27 
AD9 
~ 
ACHO 
28 
AD1D 
5 
ACHI 
29 
AD11 
R19 
6 
ACH3 
3D 
AD12 
25 
519 
7 
NWI 
31 
AD13 
8 
EA 
32 
AD1~ 
9 
Vcc 
33 
AD15 
10 
VSS 
35 
READY 
11 
Xl 
~2 
YSS 
1~ 
TEST! 
51 
H505 
15 
ALE 
52 
H50~ 
18 
ADO 
53 
H511 
19 
AD1 
5~ 
HSIO 
20 
A02 
52 
RE5ET 
55 
21 
A03 
6~ 
YpD 


54 
22 
AD4 
65 
YREF 
23 
AOS 
66 
AGND 
53 
2~ 
A06 
67 
ACH4 


R17 


R16 


MONITOR 0 
H502 


Figure :I. Standard 
8X9XBH 
Burn-In Bias Configuration 


Table 2. The MCS@·96 Family Packages 


52 
32 


53 
31 


5~ 
29 


55 
28 
56 
27 


57 
Y 


58 
29 


59 
21 


510 
20 


511 
19 


512 
17 


513 
16 


514 
15 


515 
13 


516 
12 


Without 
AID 
With AID 


ROMless 
E8-Pin 
N8096BH - PLCC 
N8097BH-PLCC 
P8096BH-PFP 
P8097BH-PFP 


ROM 
68-Pin 
N8396BH-PLCC 
N8397BH-PLCC 
(8K Bytes) 
P8396BH-PFP 
P8397BH-PFP 


EPROM 
68-Pin 
A8796BH-PGA 
A8797BH-PGA 
(8K Bytes) 
R8796BH-LCC 
R8797BH-LCC 
Q8796BH-CFP 
Q8797BH-CFP 
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CFP/ 
CFP/ 
CFP/ 
PFP/ 
PLCC 
Description 
PFP/ 
PLCC 
Description 
PFP/ 
PLCC 
Description 
PGAI 
PGAI 
PGAI 
LCC 
LCC 
LCC 


1 
9 
ACH7/PO.7/PMOD.<1 
24 
54 
AD6/P3.6 


- 


47 
31 
P1.6 


2 
8 
ACH6/PO.6/PMOD.~! 
25 
53 
AD7/P3.7 
~ 
48 
30 
P1.5 


3 
7 
ACH2/PO.2 
26 
52 
AD8/P4.0 
49 
29 
HSO.1 


4 
6 
ACHO/PO.O 
27 
51 
AD9/P4.1 
50 
28 
HSO.O 


5 
5 
ACH1/PO.1 
28 
50 
AD10/P4.2 
51 
27 
HSO.5/HSI.3 


6 
4 
ACH3/PO.3 
29 
49 
AD11/P4.3 
52 
26 
HSO.4/HSI.2 


7 
3 
NMI 
30 
48 
AD12/P4.4 
53 
25 
HSI.1 


8 
2 
EA 
, 


31 
47 
AD13/P4.5 
54 
24 
HSI.O 


9 
1 
VCC 
32 
46 
AD14/P4.6 
55 
23 
P1.4 


10 
68 
VSS 
33 
45 
AD15/P4.7 
56 
22 
P1.3 


11 
67 
XTAL1 
34 
44 
T2CLK/P2.3 
57 
21 
P1.2 


12 
66 
XTAL2 
35 
43 
READY 
58 
20 
P1.1 


13 
65 
CLKOUT 
36 
42 
T2RST/P2.4 
59 
19 
P1.0 


14 
64 
BUSWIDTH 
37 
41 
BHE/WRH 
60 
18 
TXD/P2.0/PVER/SALE 


15 
63 
INST 
38 
40 
WR/WRL 
61 
17 
RXD/P2.1/PALE 


16 
62 
ALE/ADV 
39 
39 
PWM/P2.5/POO/SPROG 
62 
16 
RESET 


17 
61 
RD 
40 
38 
P2.7 
63 
15 
EXTINT IP2.2/PROG 


18 
60 
ADO/P3.0 
41 
37 
VPP 
64 
14 
VPD 


19 
59 
AD1/P3.1 
42 
36 
VSS 
65 
13 
VREF 


20 
58 
AD2/P3.2 
43 
35 
HSO.3 
66 
12 
ANGND 


21 
57 
AD3/P3.3 
44 
34 
HSO.2 
67 
11 
ACH4/PO.4/PMOD.0 


22 
56 
AD4/P3.4 
45 
33 
P2.6 
68 
10 
ACH5/PO.5/PMOD.1 


23 
55 
AD5/P3.5 
46 
32 
P1.7 


ACH5/PO.5 


ACH4/PO.4 


ANGND 


VREf 


VpO 


EXTINT/P2.2 


RESET 


RXD/P2.1 


TXD/P2.0 


PLO 


PLI 


Pl.2 


PL3 
PL4 


HSIO 


HSll 


HSI2/HS04 
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AOO/P3.0 


AD1/p3.1 


AD2/P3.2 


AD3/P3.3 


AD4/P3.4 


AD5/P3.5 


AD6/P3.6 


AD7/P3.7 


AD8/P4.0 


AD9/P4.1 


AD10/P4.2 


ADll/P4.3 


AD12/P4.4 


AD13/P4.5 


AD14/P4.6 


AD15/P4.7 


T2CLK/P2.3 


Pins Facing Down 
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Figure 6. 68-Pln Package 
(Pin Grid Array-Top 
View) 
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63 
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23 
.2 
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2• 
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2. 


59 
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53 
33 


52 
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515049 
-48 47 46 
45 44 
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J9 
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AOO/P3.0 


ADI/PJ.l 


A02/P3.2 


AOJ/P3.J 


A04/PJ.4 


A05/P3.5 


A06/PJ.6 
. 


AD7/PJ.7 


AOS/P 
•. O 


AD9/P4.1 


AD10/P4.2 


A011/P4.J 


A012/P4.4 


A01J/P4.5 


A014/P4.6 


A015/P4.7 


T2CLK/P2.J 


NOTE: 
1. When 
the pin grid array package 
is mounted 
on the PC board, 
the pins are numbered 
counterclockwise 
as seen from the 
component 
side of the board, 
just like the flat pack when 
it's mounted 
in the contactor. 
Consequently, 
the PC board 
layout 


for the pin grid array is compatible 
with the flat pack in a contactor 
except 
for the footprint 
size. The pin functions 
(from 
1 to 
68) on both packages 
are identical. 
Refer to Intel's 
Packaging 
Outlines 
and Dimensions, 
Order 
Number 
231369, 
for mechan- 
ical dimensions 
on these 
packages. 
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Symbol 
Name and Function 


Vcc 
Main supply voltage 
(5V). 


Vss 
Digital circuit ground 
(OV). There are two Vss pins, both of which 
must be connected. 


VPD 
RAM standby 
supply voltage 
(5V). This voltage 
must be present 
during normal operation. 
In a Power 
Down condition 
(Lu. Vcc drops to zero), if RESET is activated 
before Vcc drops below spec and VPD 
continues 
to be held within spec., the top 16 bytes in the Register 
File will retain their contents. 
RESET 
must be held low during the Power Down and should 
not be brought 
high until Vcc 
is within spec and 


the oscillator 
has stabilized. 


VREF 
Reference 
voltage 
for the AID 
converter 
(5V). VREF is also the supply voltage 
to the analog portion 
of 
the AID 
converter 
and the logic used to read Port O. Must be connected 
for AID 
and Port 0 to function. 


ANGND 
Reference 
ground 
for the AID 
converter. 
Must be held at nominally 
the same potential 
as Vss. 


Vpp 
Programming 
voltage 
for the EPROM 
parts. It should 
be + 12.75V for programming. 
This pin is Vaa on 
8X9X-90 
parts. Systems 
that have this pin connected 
to ANGND 
tllrough 
a capacitance 
(required 
on 


8X9X-90 
parts) do 10t need to change. 
Otherwise, 
tie to Vcc. 


XTAL1 
Input of the oscillator 
inverter 
and of the internal 
clock generator. 


XTAL2 
Output of the oscill.!tor 
inverter. 


CLKOUT 
Output of the interr al clock generator. 
The frequency 
of CLKOUT 
is '13 the oscillator 
frequency. 
It has a 
33% duty cycle. 


RESET 
Reset input to the chip. Input low for at least 2 state times to reset the chip. The subsequent 
low-to-high 
transition 
re-synchronizes 
CLKOUT 
and commences 
a 1O-state-time 
sequence 
in which the PSW is 
cleared, 
a byte reacl from 2018H 
loads CCR, and a jump to location 
2080H 
is executed. 
Input high for 


normal operation. 
F:ESET has an internal 
pull up. 


BUSWIDTH 
Input for bus width Belection. 
If CCR bit 1 is a one, this pin selects 
the bus width for the bus cycle in 
progress. 
If BUSWIDTH 
is high, a 16-bit bus cycle occurs. 
If BUSWIDTH 
is low, an 8-bit cycle occurs. 
If 
CCR bit 1 is a 0, the bus is always an 8-bit bus. This pin is the TEST pin on 8X9X-90 
parts. Systems 
with 
TEST tied to Vcc do not need to change. 
If this pin is left unconnected, 
it will rise to Vcc. 


NMI 
A positive 
transition 
causes 
a vector 
to external 
memory 
location 
OOOOH.External 
memory 
from OOH 
through 
OFFH is reserved 
for Intel development 
systems. 


INST 
Output high during ,In external 
memory 
read indicates 
the read is an instruction 
fetch. 
INST is valid 
throughout 
the bus Gycle. INST is activated 
only during external 
memory 
accesses. 


EA 
Input for memory 
select 
(External 
Access). 
EA equal to a TIL-high 
causes 
memory 
accesses 
to 
locations 
2000H thmugh 
3FFFH to be directed 
to on-chip 
ROM/EPROM. 
EA equal to a TIL-Iow 
causes 
accesses 
to these locations 
to be directed 
to off-chip 
memory. 
EA = + 12.5V causes execution 
to 
begin in the Programming 
Mode. EA has an internal 
pUlidown, 
so it goes low unless driven otherwise. 


EA is latched 
at resul. 


ALE/ADV 
Address 
Latch Enatle 
or Address 
Valid output, 
as selected 
by CCR. Both pin options 
provide 
a latch to 


demultiplex 
the address 
from the address/data 
bus. When the pin is ADV, it goes inactive 
high at the 
end of the bus cycle. ADV can be used as a chip select for external 
memory. 
ALE/ ADV is activated 
only 
during external 
merrory 
accesses. 


RD 
Read signal output tl) external 
memory. 
RD is activated 
only during external 
memory 
reads. 


WR/WRL 
Write and Write Low output to external 
memory, 
as selected 
by the CCR. WR will go low for every 
external 
write, while WRL will go low only for external 
writes where an even byte is being written. 
WR/WRL 
is activated 
only during external 
memory 
writes. 


BHE/WRH 
Bus High Enable or Write High output to external 
memory, 
as selected 
by the CCR. BHE low selects 
the 
bank of memory 
that is connected 
to the high byte of the data bus. AO low selects 
the bank of memory 
that is connected 
to ':he low byte of the data bus. Thus accesses 
to a 16-bit wide memory 
can be to the 
low byte only {AO low, BHE high), to the high byte only (AO high, BHE low), or both bytes (AO low, BHE 
low). If the WRH func:tion is selected, 
the pin will go low if the bus cycle is writing to an odd memory 
location. 
BHE/WRH 
is activated 
only dUring external 
memory 
writes. 
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Symbol 
Name and Function 


READY 
Ready input to leng!hen 
external 
memory 
cycles, for interfacing 
to slow or dynamic 
memory, 
or 
for bus sharing. 
If the pin is high, CPU operation 
continues 
in a normal manner. 
If the pin is low 
prior to the falling edge of CLKOUT, 
the memory 
controller 
goes into a wait mode until the next 
positive 
tran ,ition in CLKOUT 
occurs 
with READY 
high. The bus cycle can be lengthened 
by up 
to 1 J.l.s.Whetn the external 
memory 
is not being used, READY has no effect. 
Internal control 
of 


the number 
of wait states 
inserted 
into a bus cycle held not ready is available 
through 
configuration 
of CCR. READY has a weak internal 
pullup, so it goes high unless externally 
pulled 
low. 


HSI 
Inputs to High Speed Input Unit. Four HSI pins are available: 
HSI.O, HSI.1, HSI.2, and HSI.3. Two 


of them (HSI.2 and HSI.3) are shared with the HSO Unit. The HSI pins are also used as inputs by 
EPROM 
pans in Programming 
Mode. 


HSO 
Outputs 
from High Speed Output 
Unit. Six HSO pins are available: 
HSO.O, HSO.1, HSO.2, HSO.3, 


HSO.4, and !-iSO.5. Two of them (HSO.4 and HSO.5) are shared with the HSI Unit. 


Port 0 
a-bit high impedance 
input-only 
port. These pins can be used as digital inputs and/or 
as analog 
inputs to the on-chip 
AID 
converter. 
These pins are also a mode input to EPROM 
parts in the 
Programmin9 
Mode. 


Port 1 
a-bit quasi-bidirectional 
I/O port. 


Port 2 
a-bit multi-fu~ctional 
port. Six of its pins are shared with other functions 
in the a096BH, 
the 
remaining 
2 are quasi-bidirectional. 
These pins are also used to input and output control 
signals 
on EPROM 
parts in Programming 
Mode. 


Ports 3 and 4 
a-bit bi-direc'lionall/O 
ports with open drain outputs. 
These pins are shared with the multiplexed 
address/dat~ 
bus which has strong internal 
pullups. 
Ports 3 and 4 are also used as a command, 


address 
and data path by EPROM 
parts operating 
in the Programming 
Mode. 
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Case 
Temperature 
Under 
Bias 
-40·C 
to + 12S·C 


Storage 
Temperature 
- 40·C 
to + 1S0·C 


Voltage 
from 
Vpp 
to VSS or ANGiND 
+ 13.0V 


Voltage 
from 
Any 
Other 
Pin 


to VSS or ANGND 
-0.3V 
to + 7.0V 


Average 
Output 
Current 
from 


Any 
Pin 
10 mA 


Power 
Dissipation 
l.SW 


•Notice: Stresses above those listed under "Abso- 
lute Maximum Ratings" may cause permanent dam- 
age to the device. This is a stress rating only and 
functional operation of the device at these or any 
other conditions above those indicated in the opera- 
tional sections of this specification is not implied Ex- 
posure to absolute maximum rating conditions for 
extended periods may affect device reliability. 


NOTICE Specifications contained within the 
following tables are subject to change. 


Symbol 
Parameter 
Mln 
Max 
Units 


Te 
Case T'3mperature 
Under Bias 
-40 
+125 
'C 


Vee 
Digital Supply Voltage 
4.50 
5.50 
V 


VREF 
Analog 
Supply Voltage 
4.50 
5.50 
V 


fose 
Oscillator 
Frequency 
6.0 
12.0 
MHz 


VPD 
Power Down Supply Voltage 
4.50 
5.50 
V 


NOTE: 
ANGND 
and Vss 
should 
be nominal 
y at the same potential. 


D.C. CHARACTERISTICS 
Test 
Conditions: 
VCC. VREF. 
VPD, VpP. VSS = S.OV 
±O.SV; 
Fosc = 6.0 
MHz 
to 
12.0 
MHz; 
Tc = 
-40·C 
to + 12S·C; 
VSS. 
ANGND 
= OV 


Symbol 
Parameter 
Mln 
Max 
Units 
Test 
Conditions 


Ice 
Vee Supply Current 
-40'C 
,;; + 125'C 
270 
mA 
All Outputs 


leel 
Vee Supply Current 
(TA •• 
+ 70'C) 
185 
mA 
Disconnected 


IpD 
VPD Supply Current 
1 
mA 
Normal Operation 
and Power Down 


IREF 
VREF Supply Current 
10 
mA 


VIL 
Input Low Voltage 
(Except 
RESET) 
-0.3 
+0.8 
V 


VIL1 
Input Low Voltage, 
RESET 
-0.3 
+0.7 
V 


VIH 
Input High Voltage 
(Except 
RESET, NMI, XTAL 1) 
2.0 
Vcc 
+ 0.5 
V 


VIHl 
Input High Voltage, 
RESET Rising 
2.4 
Vee 
+ 0.5 
V 


VIH2 
Input High Voltage, 
RESET Falling 
2.1 
Vee 
+ 0.5 
V 


VIH3 
Input High Voltage, 
NMI, )(TAL 1 
2.3 
Vcc 
+ 0.5 
V 


III 
Input Leakage 
Current to '3ach pin of HSI, P3, P4, and to P2.1. 
±10 
I'-A 
VrN= 
OtoVcc 


ILil 
D.C. Input Leakage 
Current to each pin of PO 
+3 
I'-A 
VIN = OtoVee 


IIH 
Input High Current 
to EA 
100 
I'-A 
VIH = 2.4V 


IlL 
Input Low Current to each pin of P1, and to P2.6, P2.7. 
-150 
I'-A 
VIL = 0.45V 


IILl 
Input Low Current to RESi=:T 
-0.25 
-2 
mA 
VIL = 0.45V 


11L2 
Input Low Current 
P2.2, P;~.3, P2.4, READY, 
BUSWIDTH 
-50 
I'-A 
VIL = 0.45V 


VOL 
Output 
Low Voltage 
on Quasi-Bidirectional 
0.45 
V 
IOL = 0.8mA 
port pins and P3, P4 when used as ports 
(Note 1) 


VOL1(4) 
Output 
Low Voltage 
on Quasi-Bidirectional 
0.75 
V 
IOL = 2.0mA 
port pins and P3, P4 when used as ports 
(Notes 
1, 2, 3) 


VOL2 
Output 
Low Voltage 
on Standard 
Output 
0.45 
V 
IOL = 0.8mA 
pins, RESET and Bus/Control 
Pins 
(Note 1) 
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D.C. CHARACTERISTICS 
Test Conditions: 
VCC, VREF. VPD, VPP. VSS = 5.0V ±0.5V; 
Fosc 
= 6.0 MHz to 12.0 MHz; TC = 
-40·C 
to + 125·C; VSS, ANGND 
= OV (Continued) 


Symbol 
P21rameter 
Mln 
Max 
Units 
Test Conditions 


VOH 
Output High Voltane on Quasi-Bidirectional 
2.4 
V 
IOH= -20,..A 
pins 
(Note 1) 


VOH1 
Output High Voltane on Standard Output 
2.4 
V 
IOH= -200,..A 
pins and Bus/Control pins 
(Note 1) 


IOH3 
Output High Curre,t on RESET 
-50 
,..A 
VOH = 2.4V 


Cs 
Pin Capacitance (Any Pinto VSS) 
10 
pF 
fTEST = 1.0 MHz 


NOTES: 
1. Quasi-bidirectional pins include those on Pl. for P2.6 and P2.7. Standard Output Pins include TXD. RXD (Mode 0 only), 
PWM, and HSO pins. Bus/Control pins include CLKOUT. ALE, BHE. RD, WR, INST and ADO-15. 
2. Maximum current per pin must be externally limited to the following values if VOL is held above 0.45V. 


IOLon quasi-bidirectional pins and Ports 3 and 4 when used as ports: 4.0 mA 
. 


IOLon standard output pins anc RESET: 8.0 mA 
IOLon Bus/Control pins: 2.0 mJ\ 
IOLon HSO.x = 1.6 mA: x = 0,4, and 5 @ VOL =0.5V 
3. During normal (non-transient) opel'ation the following limits apply: 
TotaiiOL on Port 1 must not exceed 8.0 mA. 
TotaiiOL on P2.0, P2.6, RESET and all HSO pins must not exceed 15 mA. 
TotaiiOL on Port 3 must not exceed 10 mA. 
TotaiiOL on P2.5, P2.7. and Por: 4 must not exceed 20 mA. 
4. Only tested on 879XBH devices. 


A.C. CHARACTERISTIC~) 
VCC, VPD = 4.5V to 5.5V; TC = 
-40·C 
to + 125·C; fosc 
= 6.0 MHz to 12.0 MHz 


Test Conditions: 
Load Capacitance 
on Output 
Pins = 80 pF 
Oscillator 
Frequency 
= 12 MHz 


Symbol 
F'arameter 
Mln 
Max 
Units 


TCLYX 
READY Hold Elfter CLKOUT 
Edge 
0 
ns 


hLYV 
End of ALE/ ADV to READY Valid 
2Tosc 
- 
70 
ns 


TLLYH 
End of ALE/ ADV to READY High 
2Tosc + 40 
4Tosc 
- 
80 
ns 


TYLYH(2) 
Non-Ready 
Time 
1000 
ns 


TAVDV(l) 
Address 
Valid to Input Data Valid 
5Tosc 
- 
120 
ns 


TRLDV 
RD Active to Input Data Valid 
3Tosc 
- 
100 
ns 


TRHDX 
Data Hold afte- RD Inactive 
0 
ns 


TRHDZ(2) 
RD Inactive to Input Data Float 
0 
Tosc 
- 
25 
ns 


TAVGV(l) 
Address 
Valid to BUSWIDTH 
Valid 
2 Tosc 
- 
125 
ns 


TLLGX 
BUSWIDTH 
Hold after ALE/ ADV Low 
Tosc + 40 
ns 


TLLGV 
ALE/ ADV Low to BUSWIDTH 
Valid 
Tosc 
- 
75 
ns 


NOTES: 
1. The term "Address Valid" applies to ADO-AD15, BHE and INST. 
2. Not currently tested in production. 
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Symbol 
Parameter 
Mln 
Max 
Units 


FXTAL 
Oscillator 
Frequoncy 
6.0 
12.0 
MHz 


Tosc 
Oscillator 
Period 
83 
166 
ns 


TOHCH 
XTAL 1 Rising Eclge to Clockout 
Rising Edge 
0(4) 
120(4) 
ns 


TCHCH 
CLKOUT 
Period(4) 
3Tosc(4) 
3Toscl4) 
ns 


TCHCL 
CLKOUT 
High Time 
Tosc 
- 
35 
Tosc + 10 
ns 


TCLLH 
CLKOUT 
Low to ALE High 
-20 
35 
ns 


TLLCH 
ALE/ ADV Low to CLKOUT 
High 
Tosc 
- 
25 
Tosc + 45 
ns 


TLHLL 
ALE/ ADV High Time 
Tosc - 
30 
Tosc + 15(5) 
ns 


TAVLL(1) 
Address 
Setup to End of ALE/ ADV 
Tosc 
- 
50 
ns 


TRLAZ(6) 
RD or WR Low to Address 
Float 
25 
ns 


hLRL 
End of ALE/ AD\i to RD or WR Active 
Tosc 
- 
40 
ns 


TLLAX(6) 
Address 
Hold after End of ALE/ ADV 
Tosc 
- 
40 
ns 


TWLWH 
WR Pulse Width 
3Tosc 
- 
35 
ns 


TavwH 
Output Data Valid to End of WR/WRL/WRH 
3Tosc 
- 
60 
ns 


TWHax 
Output Data Hold after WR/WRLlWRH 
Tosc 
- 
50 
ns 


TWHLH 
End of WR/WRl/wRH 
to ALE/ ADV High 
Tosc - 
75 
ns 


TRLRH 
RD Pulse Width 
3Tosc 
- 
30 
ns 


TRHLH 
End of RD to ALE/ ADV High 
Tosc 
- 
45 
ns 


TCLLL 
CLOCK OUT Low to ALE/ ADV Low 
Tosc - 
40 
Tosc + 35 
ns 


TRHBX 
RD High to INST, SHE, AD8·15 Inactive 
Tosc 
- 
25 
Tosc + 30 
ns 


TWHBX 
WR High to INST, SHE, AD8-15 Inactive 
Tosc 
- 
50 
Tosc + 100 
ns 


THLHH 
WRL, WRH Low to WRL, WRH High 
2Tosc 
- 
35 
2Tosc + 40 
ns 


TLLHL 
ALE/ ADV Low to WRL, WRH Low 
2Tosc 
- 
30 
2Tosc + 55 
ns 


TavHL 
Output Data Valicj to WRL, WRH Low 
Tosc - 
60 
ns 


NOTES: 
1. The term "Address Valid" applies to ADO-15, SHE and INST. 
2. Not Currently tested in production. 
3. If more than one wait state is desired. add 3Tosc for each additional wait state. 
4. CLKOUT is directly generated as a divide by 3 of the oscillator. The period will be 3Tosc ± 10 ns if Tosc is constant and 
the rise and fall times on XTAL1 are less than 10 ns. 
5. Max spec applies only to ALE. Min spec applies to both ALE and ADV. 
6. The term" 
Address" in this definition applies to ADO-7 for 8-bit cycles. and ADO-15 for 16-bit cycles. 


XTAL1SLSE 


TCHCH 


CLOCKOUT 


TCHCL--' 


DATA OUT 


TOVWH --1 


VALID 


TWLWH~ 


VALID 


NOTES: 
1. 8-bit bus only. 
2. When 
write 
strobe 
mode 
selected. 


3. When 
ADV selected. 


______ 
r-\... _ 


intJ 


Symbol 
Parameter 
Mln 
Max 
Units 


TXLXL 
Serial Port Clock °eriod 
8Tase 
ns 


TXLXH 
Serial Port Clock 
=alling Edge to Rising Edge 
4Tasc 
- 
50 
4Tase + 50 
ns 


TQVXH 
Output Data Setu p to Clock Rising Edge 
3Tase 
ns 


TXHQX 
Output Data Hold After Clock Rising Edge 
2Tase 
- 
50 
ns 


TXHQV 
Next Output Data Valid After Clock Rising Edge 
2Tase + 50 
ns 


TOVXH(1) 
Input Data Setup to Clock Rising Edge 
2Tase + 200 
ns 


TXHOX(1) 
Input Data Hold After Clock Rising Edge 
0 
ns 


TXHQZ(1) 
Last Clock Rising to Output Float 
5Tase 
ns 


NOTE: 
1. Not currently 
tested 
in production. 


Symbol 
Parameter 
Mln 
Max 
Units 


1/ToLOl 
Oscillator 
Frequency 
6 
12 
MHz 


TOHOX 
High Time 
25 
ns 


TOlOX 
Low Time 
25 
ns 


TOlOH 
RisElTime 
15 
ns 


TOHOl 
Fall Time 
15 
ns 


2.5 j:::.. TOHOX 
J 
2.5 


270361-11 
A.C. Testing inputs are driven at 2.4V for a Logic "1" and 0.45V for a Logic "0". Timing measurements are made at 2.0V for a Logic "1" and 
O.BVfor a Logic "0". 


2.•=x 2.0> 
TEST POINTS< 2.0>C 
0.8 
0.8 
0.• 5· 
----------- 


VLOAO+0.15V 
VOH-0.15V 
V 
LOAO 
TIt,lING REFERENCE__ 


--- 
POINTS 
--- 
V.OAO-0.15V 
VOL+O.15V 


270361-12 
For timing purposes a port pin is no lonser floating when a 100 mV change from load voltage occurs, and begins to float when a 100 mV 
change from the loaded VOHIVOLlevel occurs IOL/IOH ;, ± 15 mA. 


inter 


OPERATING 
CONDITIONS 


Vcc, VPD, VREF 
.4.5V to 5.5V 


VSS, ANGND 
O.OV 


Tc 
- 40·C to + 125·C 


FOSC 
6.0 to 12.0 MHz 


Test Conditions: 
VREF 
5.120V 


AID 
Converter 
operation 
is vl3rified 
only 
on 
the 
8097BH, 
8397BH, 
8797BH. 


The absolute 
conversion 
accuracy 
is dependent 
on 
the accuracy 
of VREF. The spel;ifications 
given be- 
low assume 
adherence 
to the Operating 
Conditions 
section 
of these 
data 
sheets. 
Testing 
is done 
at 
VREF = 5.120V. 


Parameter 
Typlcalo(1) 
Minimum 
Maximum 
Units" 
Notes 


Resolution 
1024 
1024 
Levels 
10 
10 
Bits 


Absolute 
Error 
0 
±4 
LSBs 


Full Scale Error 
-0.5 
±0.5 
LSBs 


Zero Offset Error 
±0.5 
LSBs 


Non-Linearity 
0 
±4 
LSBs 


Differential 
Non-Linearity 
0 
±2 
LSBs 


Channel-to-Channel 
Matching 
0 
±1 
LSBs 


Repeatability 
±0.25 
LSBs 
1 


Temperature 
Coefficients: 
Offset 
0.009 
LSBrC 
1 
Full Scale 
0.009 
LSBrC 
1 
Differential 
Non-Linearity 
0.009 
LSBrC 
1 


Off Isolation 
-60 
dB 
1,2,4 


Feedthrough 
-60 
dB 
1,2 


Vcc Power Supply Rejection 
-60 
dB 
1,2 


Input Resistance 
1K 
5K 
n 
1 


D.C. Input Leakage 
0 
3.0 
p.A 


Sample Delay 
3Tosc 
- 
50 
3Tosc + 50 
ns 
1,3 


Sample Time 
12Tosc 
- 
50 
12Tosc 
+ 50 
ns 
1 


Sample Capacitance 
2 
pF 


NOTES: 
• These 
values 
are expected 
for mm:t parts at 25'C . 
•• An "LSS", 
as used here, is defined 
in the glossary 
which 
follows 
and has a value of approximately 
5 mY. 


1. These 
values 
are not tested 
in production 
and are based 
on theoretical 
estimates 
and laboratory 
tests. 
2. DC to 100 KHz. 
3. For starting 
the AID 
with an HSO Command. 
4. Multiplexer 
Sreak-Sefore-Make 
Guaranteed. 


A.C. EPROM 
PROGRAMMING 
CHARACTERISTICS 


Operating 
Conditions: 
Load Capacitance 
= 150 pF. TA = 25°C. ± 5°C, VCC. VPD. VREF = 5.0V ± 0.5V. VSS, 


AGND = OV, Vpp = 12.75V 
±O.25V. 
EA = 11V ±2.0V, 
fOSC = 6.0 MHz 


Symbol 
Parameter 
Mln 
Max 
Units 


TAVLL 
ADDRESS/COMMAND 
Valid to PALE Low 
0 
Tosc 


TLLAX 
ADDRESS/COMMAND 
Hold After PALE Low 
80 
Tosc 


TDVPL 
Output Data Setup Before PROG Low 
0 
TOSC 


TpLDX 
Data Hold After !'ROG 
Falling 
80 
Tosc 


TLLLH 
PALE Pulse Width 
180 
Tosc 


TpLPH 
PROG Pulse Wicth 
250 Tosc 
100 p's + 


- 
144 TOSC 


TLHPL 
PALE High to PROG Low 
250 
Tosc 


TpHLL 
PROG High to NI3xt PALE Low 
600 
TOSC 


TpHDX 
Data Hold After F'ROG High 
30 
Tosc 


TpHW 
PROG High to P\fER/PDO 
Valid 
500 
Tosc 


hLVH 
PALE Low to PVER/PDO 
High 
100 
Tosc 


TpLDV 
PROG Low to VERIFICATION/DUMP 
Data Valid 
100 
Tosc 


TSHLL 
RESET High to First PALE Low (not shown) 
2000 
Tosc 


NOTE: 
Run-time programming is done with FOose= 6.0 MHz to 12.0 MHz, Vee, VPD,VREF = 5V ±0.5V. TA = 25'C ±5'C and 
Vpp = 12.75V ± 0.25V. For run-time programming over a full operating range, contact the factory. 


D.C. EPROM 
PROGRAMMING 
CHARACTERISTICS 


Symbol 
Parameter 


Ipp 
Vpp Supply Current (Whenever 
Programming) 


NOTE: 
Vpp must be within 1V of Vee while Ve::, < 4.5V. Vpp must not have a low impedance path to ground or Vss while Vcc > 4.5V. 


Using The 8096 


IRA HORDEN 
MCO APPLICATIONS 
ENGINEER 


inter 


VPO 
XTAL 
1 
XTAl 
2 
CLKOUT 
--~~-i;;t:'~'~----=~--1 


•.• 
ROM 
I 
• 
A.BUS 
II 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I,, 


I 
I 
I 
I 
I 
I 
I 
I 
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High speed digital signals are frequently encountered in 
modern control applications. In addition, there is often 
a requirement for high speed l6-bit and 32-bit precision 
in calculations. The MCS@-96product line, generically 
referred to as the 8096, is designed to be used in appli- 
cations which require high speed calculations and fast 
110 operations. 


The 8096 is a l6-bit microcontroller 
with dedicated 
I/O subsystems and a complete S(:tof l6-bit arithmetic 
instructions including multiply and divide operations. 
This Ap-note will briefly describe the 8096 in section 2, 
and then give short examples of l:,owto use each of its 
key features in section 3. The concluding sections fea- 
ture a few examples which make use of several chip 
features simultaneously and some hardware connection 
suggestions. Further information on the 8096 and its 
use is available from the sources listed in the bibliogra- 
phy. 


I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
IL 
_ 


Unlike microprocessors, microcontrollers are generally 
optimized for specific applications. Intel's 8048 was op- 
timized for general control tasks while the 8051 was 
optimized for 8-bit math and single bit boolean opera- 
tions. The 8096 has been designed for high speedlhigh 
performance control applications. Because it has been 
designed for these applications the 8096 architecture is 
different from that of the 8048 or 8051. 


There are two major sections of the 8096; the CPU 
section and the I/O section. Each of these sections can 
be subdivided into functional blocks as shown in Figure 
2-1. 


ii 
ALE 


BHE 
AD 
Wii 


READY 


RESET 


P3 
~ 
ADDA/DATA 


( 
BUS 
p.J 


I 
I 
_ 
.J 


The CPU of the 8096 uses a l6-bit ALU which operates 
on a 256-byte register file instead of an accumulator. 
Any of the locations in the register file can be used for 
sources or destinations for most of the instructions. 
This is called a register to regist~r architecture. Many 
of the instructions can also use bytes or words from 
anywhere in the 64K byte addres!i space as operands. A 
memory map is shown in Figure 2-2. 


EXTERNAL 
MEMORY 


OR 
1/0 


INTI'RNAL 
PROGRAM 


STORAGE 
ROM 


FACTORY 
TEST CODE 


8 
I~ITERRUPT 
1 


VECTORS 
0 


PORT 4 
PORT 3 


EXTERNAL 
MEMORY 
OR 


110 


I~ITERNAL 
RAM 
REGISTER 
FILE 


S"ACK 
POINTER 
SPECIAL 
I'UNCTION 
REGISTERS 
(WHI:N 
ACCESSED 
AS 
DIllA 
MEMORY) 


In the lower 24 bytes of the register file are the register- 
mapped 
I/O 
control 
locations, 
also called 
Special 


Function Registers or SFRs. These registers are used to 
control the on-chip I/O features. The remaining 232 
bytes are general purpose RAM, the upper 16 of which 
can be kept alive using a low current 
power-down 


mode. 


EXTERNAL 
MEMORY 
RESERVED 


FOR USE BY INTEL 
DEVELOPMENT 
SYSTEMS 
(WHEN ACCESSED 
AS 
PROGRAM 
MEMORY) 


inter 


Figure 2-3 shows the layout of Ithe register mapped 
I/O. Some of these registers serve two functions, one if 
they are read from and another if they are written 


to. More information about the use of these registers is 
included in the description of the features which they 
control. 


OFFH 
255 


POWER·DOWN 
RAM 


OFOH 
240 
OEFH 
239 


INTERNAL 
~ 
REGISTER 
FILE 


lAJ 


(RAM) 
I6 


STACK 
POINTER 


10Sl 


10SO 


RESERVED 


SP_STAT 


10 PORT 2 


10 PORT 
1 


10 PORT 0 


TIMER2 
(HI) 


TIMER2 
(LO) 


TlMERl 
(HI) 


TIMERl 
(LO) 


INT_PENDING 


INT_MASK 


SBUF (RX) 


HSI_STATUS 


HSI_TIME 
(HI) 


HSLTIME 
(LO) 


AD_RESULT 
(HI) 


AD_RESULT 
(LO) 


Re(HI) 


RO(LO) 


STACK 
POINTER 


PWM_CONTROL 


10Cl 


lOCO 


RESERVED 


SP_CON 


10 PORT 2 


10 PORT 1 


BAUD_RATE 


RESERVED 


WATCHDOG 


INT_PENDING 


INT_MASK 


SBUF (TX) 


HSO_COMMAND 


HSO_TIME 
(HI) 


HSO_TIME 
(LO) 


HSI_MODE 


AD_COMMAND 


RO (HI) 


RO (LO) 


inter 


Many of the I/O features on the 8096 are designed to 
operate with little CPU intervention. A list of the major 
I/O functions is shown in Figure 2-4. The Watchdog 
Timer is an internal timer which can be used to reset 
the system if the software fails to operate properly. The 
Pulse-Width-Modulation (PWM) output can be used as 
a rough D to A, a motor driver, or for many other 
purposes. The A to D converter (ADC) has 8 multi- 
plexed inputs and lo-bit resolution. The serial port has 
several modes and its own baud rate generator. The 
High Speed I/O section includes a 16-bit timer, a 16-bit 
counter, a 4-input programmable edge detector, 4 soft- 
ware timers, and a 6-output programmable event gener- 
ator. All of these features will be described in section 
2.3. 


The 8096 has 100 instructions, some of which operate 
on bits, some on bytes, some on words and some on 
longs (double words). All of the standard logical and 
arithmetic 
functions are available for both byte and 


word operations. Bit operations and long operations are 
provided for some instructions. The,re are also flag ma- 
nipulation instructions as well as jump and call instruc- 
tions. A full set of conditional jumps has been included 
to speed up testing for various conditions. 


Bit operations are provided by the Jump Bit and Jump 
Not Bit instructions, as well as by immediate masking 
of bytes. These bit operations can be performed on any 
of the bytes in the register file or 0n any of the special 
function registers. The fast bit manipulation 
of the 


SFRs can provide rapid I/O opera1ions. 


A symmetric set of byte and word operations make up 
the majority of the 8096 instruction set. The assembly 
language for the 8096 (ASM-96) uses a "B" suffIXon a 
mnemonic to indicate a byte operation, without this 
suffIXa word operation is indicated. Many of these op- 
erations can have one, two or three operands. An exam- 
ple of a one operand instruction would be: 


MUL 
Value3,Value2,Value1; 


Value3 : = Value2' Value1 


The three operand instructions combined with the reg- 
ister to register architecture almost eliminate the neces- 
sity of using temporary registers. This results in a faster 
processing time than machines that have equivalent in- 
struction execution times, but use a standard architec- 
ture. 


Long (32-bit) operations include shifts, normalize, and 
multiply and divide. The word divide is a 32-bit by 16- 
bit operation with a 16-bit quotient and 16-bit remain- 
der. The word multiply is a word by word multiply 
with a long result. Both of these operations can be done 
in either the signed or unsigned mode. The direct un- 
signed modes of these instructions take only 6.5 micro- 
seconds. A normalize instruction and sticky bit flag 
have been included in the instruction set to provide 
hardware support for the software floating point pack- 
age (FPAL-96). 


Major 1/0 Functions 


High Speed Input Unit 
Provides Automatic 
Recording 
of Events 


High Speed Output Unit 
Provides Automatic 
Triggering 
of Events and Real-Time 
Interrupts 


Pulse Width Modulation 
Output to Drive Motors or Analog Circuits 


A to D Converter 
Provides Analog 
Input 


Watchdog 
Timer 
Resets 8096 if a Malfunction 
Occurs 


Serial Port 
Provides 
Synchronous 
or Asynchronous 
Link 


Standard 
I/O Lines 
Provide Interface 
to the External World when other Special Features 
are not needed 


inter 


Mnemonic 
Oper- 
Operation 
(Note 
1) 
Flags 
Notes 
ands 
Z 
N 
C 
V 
VT 
ST 


ADD/AD 
DB 
2 
D+o-D+A 
'" 
'" 
'" 
'" 
i 
- 


ADD/ADDB 
3 
D +0- 
B + A 
'" 
'" 
'" 
'" 
i 
- 


ADDC/ADDCB 
2 
D +0- D + A +C 
.! 
'" 
'" 
'" 
t 
- 


SUB/SUBB 
2 
D +0- D - 
A 
'" 
'" 
'" 
'" 
i 
- 


SUB/SUBB 
3 
D+o-B-A 
'" 
'" 
'" 
'" 
i 
- 


SUBC/SUBCB 
2 
D +0- 
D-A+C-1 
.! 
'" 
'" 
'" 
t 
- 


CMP/CMPB 
2 
D-A 
'" 
'" 
'" 
'" 
t 
- 


MULIMULU 
2 
D,D 
+ 2 ~ 
D' 
A 
- 
- - 
- 
- 
? 
2 


MULIMULU 
3 
D,D 
+ 2 ~ 
B' 
A 
- 
- 
- 
- 
- 
? 
2 


MULB/MULUB 
2 
D,D+ 
1 ~ 
D'A 
- 
- - - 
- 
? 
3 


MULB/MULUB 
3 
D,D 
+ 
1 ~ 
B'A 
- 
- 
- 
- 
- 
? 
3 


DIVU 
2 
D +-- 
(D, D + 2)/ A, D + 2 ~ 
remainder 
- 
- 
- 
'" 
i 
- 
2 


DIVUB 
2 
D +-. 
(D, D + 
1)/ A, D + 
1 ~ 
remainder 
- 
- 
- 
'" 
i 
- 
3 


DIV 
2 
D +-. 
(D, D + 2)/ A, D + 2 ~ 
remainder 
- 
- - 
? 
i 
- 
2 


DIVB 
2 
D +-. 
(D, D + 
1)/A, 
D + 
1 ~ 
remainder 
- 
- 
- 
? 
i 
- 
3 


AND/ANDB 
2 
D+-, 
DandA 
'" 
'" 
0 
0 
- 
- 


AND/ANDB 
3 
D+-, 
BandA 
'" 
'" 
0 
0 
- 
- 


OR/ORB 
2 
D+-, 
DorA 
.. 


'" 
'" 
0 
0 
- 
- 


XOR/XORB 
2 
D +-. 
D (excl. or) A 
'" 
'" 
0 
0 
- 
- 


LD/LDB 
2 
D+-, 
A 
- 
- 
- 
- 
- - 


ST/STB 
2 
A+-, 
D 
- 
- 
- 
- 
- 
- 


LDBSE 
2 
D+-·A;D+1 
~ 
SIGN(A) 
- - - - 
- 
- 
3,4 


LDBZE 
2 
D+-·A;D+1 
~o 
- 
- 
- 
- 
- 
- 
3,4 


PUSH 
1 
SP +- 
SP - 
2; (SP) 
~ 
A 
- 
- 
- 
- 
- 
- 


POP 
1 
A +- 
(SP); SP ~ 
SP + 2 
- 
- 
- - - - 


PUSHF 
0 
SP +- 
SP - 
2; (SP) 
~ 
PSW; 
0 
0 
0 
0 
0 
0 
PSW 
~ 
OOOOH 
I ~O 


POPF 
0 
PSW 
~ 
(SP); SP ~ 
SP + 2; 
I~'" 
'" 
'" 
'" 
'" 
'" 
'" 
SJMP 
1 
PC +- 
PC + 
11-bit offset 
- 
- 
- 
- - 
- 
5 


LJMP 
1 
PC +- 
PC + 
16-bit offset 
- 
- 
- - 
- 
- 
5 


BR (indirect) 
1 
PC +- 
(A) 
- 
- 
- 
- 
- 
- 


SCALL 
1 
SP +- 
SP - 
2; (SP) 
~ 
PC; 
- 
- 
- 
- 
- 
- 
5 
PC +- 
PC + 
11-bit offset 


LCALL 
1 
SP +-- SP - 
2; (SP) 
~ 
PC; 
- 
- - - 
- 
- 
5 
PC +-- PC + 
16-bit offset 


RET 
0 
PC +-- (SP); SP ~ 
SP + 2 
- 
- 
- 
- 
- 
- 


J (conditional) 
1 
PC +-- PC + 8-bit offset (if taken) 
- 
- - - 
- 
- 
5 


JC 
1 
Jump ifC = 1 
- 
- - - 
- 
- 
5 


JNC 
1 
Jump ifC = 0 
- 
- 
- 
- 
- 
- 
5 


JE 
1 
Jump ifZ = 1 
- 
- 
- 
- 
- 
- 
5 


NOTES: 
1. If the mnemonic 
ends in "B", 
a byte operation 
is performed, 
otherwise 
a word 
operation 
is done. 
Operands 
D, B, and A 
must 
conform 
to the 
alignment 
rule!> for the 
required 
operand 
type. 
D and 
B are locations 
in the 
register 
file; 
A can 
be 
located 
anywhere 
in memory. 


2. D, D + 
2 are consecutive 
WORDS 
in memory; 
D is DOUBLE-WORD 
aligned. 
3. 0, D + 
1 are consecutive 
BYTES 
in memory; 
D is WORD 
aligned. 
4. Changes 
a byte to a word. 


5. Offset 
is a 2's complement 
number. 


Mnemonic 
Oper- 
Operation 
(Note 
1) 
Flags 
Notes 
ands 
Z 
N 
C 
V 
VT 
ST 


JNE 
1 
JumpifZ 
= 0 
- - 
- 
- 
- 
- 
5 


JGE 
1 
JumpifN 
= 0 
- 
- 
- 
- - 
- 
5 


JLT 
1 
Jump if N = 1 
- - - 
- 
- 
- 
5 


JGT 
1 
Jump if N = 0 and Z = 0 
- 
- 
- - - 
- 
5 


JLE 
1 
Jump if N = 1 or Z = 1 
- 
- 
- 
- 
- 
- 
5 


JH 
1 
Jump if C = 1 and Z = 0 
- 
- - - 
- 
- 
5 


JNH 
1 
Jump if C = 0 or Z = 1 
- - - - - 
- 
5 


JV 
1 
Jump if V = 1 
- 
- 
- 
- 
- 
- 
5 


JNV 
1 
Jump if V = 0 
- 
- 
- - - 
- 
5 


JVT 
1 
Jump if VT = 1; Clear VT 
- 
- 
- 
- 
0 
- 
5 


JNVT 
1 
Jump if VT = 0; Clear VT 
- 
- - - 
0 
- 
5 


JST 
1 
Jump if ST = 1 
- 
- 
- - 
- 
- 
5 


JNST 
1 
Jump if ST = 0 
- 
- 
- 
- 
- 
- 
5 


JBS 
3 
Jump if Specified 
Bit = 1 
- - - - - 
- 
5,6 


JBC 
3 
Jump if Specified 
Bit = 0 
- 
- 
- 
- 
- 
- 
5,6 


DJNZ 
1 
D - 
D - 
1; if D =F 0 then 
PC - 
PC + 8-bit offset 
- - - - 
- 
- 
5 


DEC/DECB 
1 
D - 
D-1 
'" 
'" 
'" 
'" 
t 
- 


NEGINEGB 
1 
D-O-D 
'" 
'" 
'" 
'" 
t 
- 


INC/INCB 
1 
D - 
D+ 
1 
'" 
'" 
'" 
'" 
t 
- 


EXT 
1 
D - 
D; D + 2 - 
Sign (D) 
'" 
'" 
0 
0 
- 
- 
2 


EXTB 
1 
D - 
D; D + 
1 - 
Sign (D) 
'" 
'" 
0 
0 
- 
- 
3 


NOT/NOTB 
1 
D - 
Logical 
Not (D) 
'" 
'" 
0 
0 
- 
- 


CLR/CLRB 
1 
D-O 
1 
0 
0 
0 
- 
- 


SHL/SHLB/SHLL 
2 
C - 
msb-----Isb 
- 
0 
'" 
? 
'" 
'" 
t 
- 
7 


SHRISHRB/SHRL 
2 
0-' 
msb-----Isb 
-. 
C 
'" 
? 
'" 
0 
- 
'" 
7 


SHRA/SHRAB/SHRAL 
2 
msb 
-. 
msb-----Isb 
-. 
C 
'" 
'" 
'" 
0 
- 
'" 
7 


SETC 
0 
C-1 
- 
- 
1 
- 
- 
- 


CLRC 
0 
C-O 
- 
- 
0 
- 
- 
- 


CLRVT 
0 
VT 
- 
0 
- 
- 
- 
- 
0 
- 


RST 
0 
PC - 
2080H 
0 
0 
0 
0 
0 
0 
8 


DI 
0 
Disable All Interrupts 
(I - 
0) 
- 
- 
- 
- 
- 
- 


EI 
0 
Enable All Interrupts 
(I - 
1) 
- 
- 
- 
- 
- 
- 


NOP 
0 
PC-PC+1 
- 
- - - 
- 
- 


SKIP 
0 
PC-PC+2 
- 
- 
- 
- 
- 
- 


NORML 
2 
Left Shift Till msb = 1; D - 
shift count 
'" 
? 
0 
- 
- 
- 
7 


TRAP 
0 
SP - 
SP - 
2; (SP) 
- 
PC 
PC - 
(2010H) 
- 
- - - 
- 
- 
9 


NOTES: 
1. If the mnemonic 
ends in "B", 
a byte operation 
is performed, 
otherwise 
a word 
operation 
is done. 
Operands 
D, B, and A 


must 
conform 
to the 
alignment 
rulEls for the 
required 
operand 
type. 
D and 
B are locations 
in the 
register 
file; 
A can 
be 
located 
anywhere 
in memory. 


5. Offset 
is a 2's complement 
number. 


6. Specified 
bit is one of the 2048 bits in the register 
file. 


7. The "L" 
(Long) 
suffix indicates 
duuble-word 
operation. 


8. Initiates 
a Reset 
by pulling 
RES ET low. 
Software 
should 
re-initialize 
all the 
necessary 
registers 
with 
code 
starting 
at 


2080H. 
9. The assembler 
will not accept 
thi:l mnemonic. 


~..p...aur 
VU\:. 
Vi 
1)iA 
aUUi(;1);)Ul!; 
IUUU(;;) 
. 
.lUt:~t: lIlUUt:~ 
increase the flexibility and overall execution speed of 
the 8096. The addressing modes ale: register-direct, im- 
mediate, indirect, indirect with auto-increment, 
and 
long and short indexed. 


The fastest instruction execution is gained by using ei- 
ther register direct or immediate addressing. Register- 
direct addressing is similar to normal direct addressing, 
except that only addresses in the register file or SFRs 
can be addressed, The indexed mode is used to directly 
address the remainder of the 64K address space. Imme- 
diate addressing operates as would be expected, using 
the data following the opcode as the operand. 


Both of the indirect addressing modes use the value in a 
word register as the address of the operand. If the indi- 
rect auto-increment mode is used t:lienthe word register 
is incremented by one after a byte access or by two after 
a word access. This mode is partil:ularly useful for ac- 
cessing lookup tables. 


Access to any of the locations in the 64K address space 
can be obtained by using the long indexed addressing 


auoeo w me comems 
01 a wora regIster to torm tne 


address of the operand. By using the zero register as the 
index, ASM96 (the assembler) can accept "direct" ad- 
dressing to any location. The zero register is located at 
OOOOH and always has a value of zero. A short indexed 
mode is also available to save some time and code. This 
mode uses an 8-bit 2's complement number as the offset 
instead of a 16-bit number. 


The multiple addressing modes of the 8096 make it easy 
to program in assembly language and provide an excel- 
lent interface to high level languages. The instructions 
accepted by the assembler consist of mnemonics fol- 
lowed by either addresses or data. A list of the mne- 
monics and their functions are shown in Figure 2-5. 
The addresses or data are given in different formats 
depending on the addressing mode. These modes and 
formats are shown in Figure 2-6. 


Additional information on 8096 assembly language is 
available in the 
MCS-96 Macro 
Assembler 
Users 


Guide, listed in the bibliography. 


Mnem Dest or Src1 
Mnem tlest, Src1 
Mnem Dest, Src1, Src~! 


Mnem #Src1 
Mnem Dest, #Src1 
Mnem Dest, Src1, #Sn:2 
Mnem [addr] 
Mnem [addr]+ 
Mnem Dest, [addrj 
Mnem Dest, [addr]+ 
Mnem Dest, Src1, [addr] 
Mnem Dest, Src1, [addr]+ 


Mnem Dest, offs [addr] 
Mnem Dest, Src1, offs [addr] 


; One operand direct 
; Twooperand direct 
Three operand direct 


One operand immediate 
Twooperand immediate 
Three operand immediate 


One operand indirect 
One operand indirectauto-increment 
Twooperand indirect 
Twooperand indirectauto-increment 
Three operand indirect 
Three operand indirectauto-increment 


Twooperand indexed (short or long) 
Three operand indexed (short or long) 
Where: "Mnem"is the instructionmnemonic 


"Dest" is the de~;tinationregister 
"Src1", "Src2" al'e the source registers 
"addr" is a register containinga value to be used in computingthe address of an operand 
"offs"is an offset used in computingthe address of an operand 


r--- 
IOCI.I 


EXTlNT ~~--------EXTINT 
ACH.7 
~ 


TI FLAG --~--------- 
SERIAL PORT 
RIFLAG-.-J 
r--- HSO_COMMAND.4 
-.loo-------- 
SOFTWARE TIMER 


SOFTWI.RE TIMER 0 ~ 
SOFTWI.RE TIMER 1 
SOFTWJ<RETIMER 2 
SOFTW/~RE TIMER 3 
RESET TIMER 2· 
START AID CONVERSION· 


r--- HSCU:OMMAND.4 


ANY HSO OPERATION ~ 
~o-------- 
HIGH SPEED OUTPUTS 


r---IOC1.7 
I'IFO IS FULL ~ 
HSI DATA AVAILABLE 
HOLDING REGIS'rER lOADED_ 


,.---IOCI.2 
I 
TIMER·I OVERFLOW ---0 
"'o~------- 
TIMER OVERFLOW 


TIMER:! OVERFLOW ---0 
')o~---- 
I 
·Only wilen 
Inllle'ed 
by 'Ile HSO unit. 
L 
IOCl.3 


The flexibility of the instruction Sl:tis carried through 
into the interrupt system. There are 20 different inter- 
rupt sources that can be used 
011 the 8096. The 20 
sources vector through 8 locations or interrupt vectors. 
The vector names and their sources are shown in Fig- 
ure 2-7, with their locations listed in Figure 2-8. Con- 
trol of the interrupts is handled through the Interrupt 
Pending Register (INTJENDING), 
the Interrupt 
Mask Register (INT_MASK), 
and the I bit in the 
PSW (PSW.9). Figure 2-9 shows a block diagram of the 
interrupt 
structure. 
The 
INT_PENDING 
register 
contains bits which get set by hardware when an inter- 
rupt occurs. If the interrupt mask register bit for that 
source is a 1 and PSW.9 = I, a vector will be taken to 
the address listed in the interrupt vector table for that 


Vector 
Location 
Priority 
Source 
(High 
(Low 
Byte) 
Byte) 
Software 
2011 H 
2010H 
Not Applicable 
Extint 
200FH 
200EH 
7 (Highest) 
Serial Port 
200DH 
200CH 
6 
Software Timers 
200BH 
200AH 
5 
HSI.O 
2009H 
2008H 
4 
High Speed 
2007H 
2006H 
3 
Outputs 
HSI Data 
2005H 
2004H 
2 
Available 
AID Conversion 
2003H 
2002H 
1 
Complete 
Timer Overflow 
2001H 
2000H 
o (Lowest) 


inter 


source. When the vector is taken the INT_PENDING 
bit is cleared. If more than one bit is set in the INT_ 
PENDING 
register with the corresponding bit set in 
the INT_MASK 
register, the In1errupt with the high- 
est priority shown in Figure 2-8 will be executed. 


The software can make the hardware interrupts work in 
almost any fashion desired by having each routine run 
with its own setup in the INT_MASK 
register. This 
will be clearly seen in the examples in section 4 which 
change the priority of the vectors in software. The 


SOFTWARE 


TIMERS 
HSI.O 


5 


TIMER 
OVERFLOW 
o 


~11 
~C 


WHERE: 
Z is the zero flag. It is set when the result of an operation is zero. 
N is the negative flag. It is SE t to the algebraically correct sign of the result regardless of overflows. 
V is the overflow flag. It is set if an overflow occurs. 
VT is the overflow trap flag. It is set when the VT flag is set and cleared by JVT, JNVT, or CLRVT. 


C is the carry flag. It is set if a carry was generated by the prior operation. 
I is the global interrupt enable bit. 


ST is the sticky bit. It is set during a right shift if a one was shifted into and then out of the carry flag. 
INT_MASK 
is the interrupt mask register and contains bits which individually enable the 8 interrupt vectors. 


PSW (shown in Figure 2-10), store, the INT~ASK 
register in its lower byte so that the mask register can 
be pushed and popped along with the machine status 
when moving in and out of routines. The action of 
pushing flags clears the PSW whi,;h includes PSW.9, 
the interrupt enable bit. Therefore, after a PUSHF in- 
struction interrupts are disabled. In most cases an inter- 
rupt serviceroutine will have the bZisicstructure shown 
below, 


PUSHF 
LDB 
INT_MASK. #xxxxxxxxB 
EI 


POPF 
HET 


The PUSHF instruction saves the PSW including the 
old INT_MASK 
register. The PSW, including the in- 
terrupt enable bit are left cleared, If some interrupts 
need to be enabled while the servi~e routine runs, the 
INT_MASK 
is loaded with a nc:wvalue and inter- 
rupts are globally enabled before the service routine 
continues. At the end of the service routine a POPF in- 


struction is executed to restore the old PSW. The RET 
instruction is executed and the code returns to the de- 
sired location. Although the POPF instruction can en- 
able the interrupts the next instruction will always exe- 
cute. This prevents unnecessarybuilding of the stack by 
ensuring that the RET always executes before another 
interrupt vector is taken. 


All of the on-chip I/O features of the 8096 can be ac- 
cessed through the special function registers, as shown 
in Figure 2-3. The advantage of using register-mapped 
I/O isthat these registers can be used as the sources or 
destinations of CPU operations. There are seven major 
I/O functions. Each one of these will be considered 
with a section of code to exemplifyits usage. The first 
section covered will be the High Speed I/O, (HSIO), 
subsystem. This section includes the High Speed Input 
(HSI) unit, High Speed Output (HSO) unit, and the 
Timer/Counter section. 


The 8096 has two time bases, Timer I and Timer 2. 
Timer I is a 16-bit free running timer which is incre- 
mented every 8 state times. (A state time is 3 oscillator 
periods, or 0.25 microseconds with a 12 MHz crystal.) 


inter 


HSI.O 
HSI.l 
HSI.2 


HSI.3 
LHITOLO 
____ 
..• 
r 
LO TO HI 


--.J 
l_ 


HIOR 
LO 


...n..nn..flrL 


EVERY EIGHTH 
POSITIVE 
TRANSITION 


16-BIT 


2.0,.5 
CLOCK 


TRIGGERED 


CHANGE 
INPUT(S) 


DETECTOR 
16 


20 
t, 
FIFO 
CURRENT 


STATUS 


• Pulse 
measurement 
with 2.0 1J.sec resolution 
• InpJt transitions trigger the recording of the reference 
TilTer (16-bit) and triggered input(s) (4-bit) 


Its value can be read at any time and used as a refer- 
ence for both the HSI section and the HSO section. 
Timer I can cause an interrupt when it overflows,and 
cannot be modified or stopped without resetting the 
entire chip. Timer 2 is really an event counter since it 
uses an external clock source. Like Timer I, it is 16-bits 
wide, can be read at any time, c.m be used with the 
HSO section, and can generate an interrupt when it 
overflows.Control of Timer 2 is limited to increment- 
ing it and resetting it. Specificvalues can not be written 
to it. 


Although the 8096has only two timers, the timer flexi- 
bility is equal to a unit with many timers thanks to the 
HSIO unit. The HSI enables one to measure times of 
external events on up to four lines using Timer 1 as a 
timer base. The HSO unit can sGheduleand execute 
internal events and up to six extemal events based on 
the values in either Timer 1 or Tirler 2. The 8096 also 
includes separate, dedicated timers for the baud rate 
generator and watchdog timer. 


The HSI unit can be thought of as a message taker 
which records the line which had an event and the tinle 
at which the event occurred. Four types of events can 
trigger the HSI unit, as shown in the HSI block dia- 
gram in Figure 2-11. The HSI unit can measure pulse 
widths 
and 
record 
times 
of 
events 
with 
a 
2 


H51.0 MOOE 


HSI.l 
MODE 


HSI.2 MODE 


H5I.3 MODE 
270061-7 
Where each 2-bit mode control field 
defines one of 4 possible modes: 


00 
8 positive transitions 
01 
Each positive transition 
10 
Each negative transition 
11 
Every transition (positive and negative) 


microsecond resolution. It can look for one of four 
events on each of four lines simultaneously, based on 
the information in the HSI Mode register, shown in 
Figure 2-12. The information is then stored in a seven 
level FIFO for later retrieval. Whmever the FIFO con- 
tains information, the earliest entry is placed in the 
holding register. When the holdin,~ register is read, the 
next valid piece of information is loaded into it. Inter- 
rupts can be generated by the HSI unit at the time the 


holding register is loaded or when the FIFO has six or 
more entries. 


Just as the HSI can be thought of as a message taker, 
the HSO can be thought of as a message sender. At 
times determined by the software, the HSO sends mes- 


7 
60T 


0-5 
HSO.O - HSO.5 


6 
HSO.O AND HSO.l 


7 
H$O.2 
AND H$O.3 


"B 
SOFTWARE 
TIMERS 
E 
RESET TIMER 2 
F 
START AID CONVERSION 
INTERRUPT~INTERRUPT 
SET/CLEAR 
TIMER 2/TlMER 
1 


HIGH SPEED OUTPUT 
CONTROLS 
• PINS 
4 SOFTWARE 
TIMERS 
2 INTERRUPTS 
INITIATE AID CONVERSION 


RESET TIMER 2 


inter 


sages to various devices to have them turn on, turn off, 
start processing, or reset. Since the programmed times 
can be referenced to either Timer 1 or Timer 2, the 
HSO makes the two timers look like many. For exam- 
ple, if several events have to occur at specific times, the 
HSO unit can schedule all of the events based on a 
single timer. The events that can be scheduled to occur 
and the format of the command written to the HSO 
Command register are shown in Figure 2-13. 


The software timers listed in the figure are actually 4 
software flags in I/O Status Register 1 (IOSl). These 
flags can be set, and optionally cause an interrupt, at 
any time based on Timer 1 or Timer 2. In most cases 
these timers are used to trigger interrupt routines which 
must occur at regular intervals. A multitask process 
can easily be set up using the software timers. 


SP_STAT 


(READ 
ONLY) 


NOTE: 
TI and RI are cleared 
when 
SP_CON 
is read. 


A CAM (Content Addressable Memory) file is the 
main component of the HSO. This file stores up to 
eight events which are pending to occur. Every state 
time one location of the CAM is compared with the 
two timers. After 8 state times, (two microseconds with 
a 12 MHz clock), the entire CAM has been searched 
for time matches. If a match occurs the specified event 
will be triggered and that location of the CAM will be 
made available for another pending event. A block dia- 
gram of the HSO unit is shown in Figure 2-14. 


Controlling a device from a remote location is a simple 
task that frequently requires additional hardware with 
many processors. The 8096 has an on-chip serial port to 
reduce the total number of chips required in the system. 


SP_CON 


(WRITE 
ONLY) 


M2. Ml 
SPECIFIES THE MODE; 
0.0= 
MODE 0 
0.1 
= MODE 1 
1.0= 
MODE 2 
1.1 = MODE 3 


TBI 
PROGRAMS THE 9TH DATA BIT (IF NOT PARITY) ON 
TRANSMISSION; 
TI 
IS THE TRANSMIT INTERRUPT FLAG; 


RBI 
IS THE 9TH DATA BIT RECEIVED (IF NOT PARITY); 


RPE 
IS THE PARITY ERROR INDICATOR (IF PARITY ACTIVE). 


270061-10 


inter 


The serial port is similar to that 
011 the MCS-51 prod- 
uct line. It has one synchronous and three asynchro- 
nous modes. In the asynchronous modes baud rates of 
up to 187.5 Kbaud can be used, while in the synchro- 
nous mode rates up to 1.5 Mbaud are available. The 
chip has a baud rate generator whkh is independent of 
Timer I and Timer 2, so using the serial port does not 
take away any of the HSI, HSO OJ: timer flexibility or 
functionality. 


Control 
of the serial port is provided through 
the 
SPCON/SPSTAT 
(Serial Port 
CONtrol/Serial 
Port 
STATus) register. This register, shown in Figure 2-15, 
has some bits which are read only and others which are 
write only. Although the functionality of the port is 
similar to that of the 8051, the names of some of the 
modes and control bits are different. The way in which 
the port is used from a software standpoint is also 
slightly different since RI and TI lll:ecleared after each 
read of the register. 


The four modes of the serial pon are referred to as 
modes 0, I, 2 and 3. Mode 0 is the synchronous mode, 
and is commonly used to interface to shift registers for 
I/O expansion. In this mode the port outputs a pulse 
train on the TXD pin and either transmits or receives 
data on the RXD pin. Mode I is the standard asyn- 
chronous mode, 8 bits plus a stop and start bit are sent 
or received. Modes 2 and 3 handle S bits plus a stop and 
start bit. The difference between the two is, that in 
Mode 2 the serial port interrupt will not be activated 
unless the ninth data bit is a one; in Mode 3 the inter- 
rupt is activated whenever a byte is received. These two 
modes are commonly used for interprocessor communi- 
cation. 


Using XTAL1: 


M 
. 8aud _ XTAL1 frequency. 
ode O. Rate - 
4'(8+ 
1) 
,8. 
0 


Others: 8aud = XTAL1 frequency 
Rate 
64'(8+1) 


Using T2CLK: 


M d 
O• 8aud _ T2CLK frequency 
oe·Rate- 
8 
,8.0 


o h 
. 8aud _ T2CLK frequency. 
. 
t ers. 
Rate - 
16'8 
,8,.·0 


Note that 8 cannot equal 0, except when using 
XTAL1 in other than mode O. 


Baud rates for all of the modes are controlled through 
the Baud Rate register. This is a byte wide register 
which is loaded sequentially with two bytes, and inter- 
nally stores the value as a word. The least significant 
byte is loaded to the register followed by the most sig- 
nificant. The most significant bit of the baud value de- 
termines the clock source for the baud rate generator. If 
the bit is a one, the XTALI pin is used as the source, if 
it is a zero, the T2 CLK pin is used. The formulas 
shown in Figure 2-16 can be used to calculate the baud 
rates. The variable "B" is used to represent the least 
significant 15bits of the value loaded into the baud rate 
register. 


The baud rate register values for common baud rates 
are shown in Figure 2-17. These values can be used 
when XTALI is selected as the clock source for serial 
modes other than Mode O. The percentage deviation 
from theoretical is listed to help assess the reliability of 
a given setup. In most cases a serial link will work if 
there is less than a 2.5% difference between the baud 
rates of the two systems. This is based on the assump- 
tion that 10 bits are transmitted per frame and the last 
bit of the frame must be valid for at least six-eights of 
the bit time. If the two systems deviate from theoretical 
by 1.25% in opposite directions the maximum toler- 
ance of 2.5% will be reached. Therefore, caution must 
be used when the baud 
rate deviation 
approaches 
1.25% from theoretical. Note that an XTALl frequen- 
cy of 11.0592 MHz can be used with the table values 
for II MHz to provide baud rates that have 0.0 percent 
deviation from theoretical. In most applications, how- 
ever, the accuracy available when using an II MHz 
input frequency is sufficient. 


Serial port Mode I is the easiest mode to use as there is 
little to worry about except initialization and loading 
and unloading SBUF, the Serial port BUFfer. If parity 
is enabled, (i.e., PEN= I), 7 bits plus even parity are 
used instead of 8 data bits. The parity calculation is 
done in hardware for even parity. Modes 2 and 3 are 
similar to Mode I, except that the ninth bit needs to be 
controlled and read. It is also not possible to enable 
parity in Mode 2. When parity is enabled in Mode 3 the 
ninth bit becomes the parity bit. If parity is not enabled, 
(i.e., PEN = 0), the TB8 bit controls the state of the 
ninth transmitted bit. This bit must be set prior to each 
transmission. On reception, if PEN = 0, the RB8 bit 
indicates the state of the ninth received bit. If parity is 
enabled, (i.e., PEN = 
I), the same bit is called RPE 
(Receive Parity Error), and is used to indicate a parity 
error. 


XTAL 1 Frequency 
= 12.0 MHz 


Baud Rate 
Baud Register 
Value 
Percent 
Error 
19.2K 
8009H 
+2.40 


9600 
8013H 
+2.40 


4800 
8026H 
-0.16 


2400 
804DH 
-0.16 


1200 
. 
809BH 
-0.16 
300 
8270H 
0.00 


XT AL 1 Frequency 
= 11.0 MHz 
19.2K 
8008H 
+0.54 
9600 
8011H 
+0.54 
4800 
8023H 
+0.54 
2400 
8047H 
+0.54 
1200 
808EH 
-0.16 
300 
823CH 
+0.01 


XTAL 1 Frequency 
= 10.0 MHz 
19.2K 
8007H 
-1.70 
9600 
800FH 
-1.70 
4800 
8020H 
+1.38 
2400 
8040H 
-0.16 
1200 
8081H 
-0.16 
300 
8208H 
+0.03 


The software used to communicate: between processors 
is simplified by making use of Modc:s2 and 3. In a basic 
protocol the ninth bit is called the address bit. If it is set 
high then the information in that byte is either the ad- 
dress of one of the processors on the link, or a com- 
mand for all the processors. If the bit is a zero, the byte 
contains information for the processor or processors 
previously addressed. In standby mode all processors 
wait in Mode 2 for a byte with the address bit set. 
When they receive that byte, the software determines if 
the next message is for them. The processor that is to 


receive the message switches to Mode 3 and receives 
the information. Since this information is sent with the 
ninth bit set to zero, none of the processors set to Mode 
2 will be interrupted. By using this scheme the overall 
CPU time required for the serial port is minimized. 


A typical connection diagram for the multi-processor 
mode is shown in Figure 2-18. This type of communica- 
ton can be used to connect peripherals to a desk top 
computer, the axis of a multi-axis machine, or any oth- 
er group of microcontrollers jointly performing a task. 
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{ 


-CALCULATE 
COORDINATE 
TRANSFORMS 


- 
DETERMINE 
VECTOR 
ENDPOINTS 
AND 


TRAVEL 
TIMES 


- 
PROVIDE 
USER 
INTERFACE 


{ 


-CONVERT 
VECTORS 
TO 
INDIVIDUAL 


AXIS 
COMMANDS 


- 
CONTROL 
THE 
SERIAL 
LINK 


- 
MONITOR 
ENTIRE 
SYSTEM 
FOR 
FAULTS 


Mode 0, the synchronous mode, is typically used for 
interfacing to shift registers for I/O expansion. The 
software to control this mode invo:.vesthe REN (Re- 
ceiver ENable) bit, the clearing of the RI bit, and writ- 
ing to SBUF. To transmit to a shift register, REN is set 
to zero and SBUF is loaded with the information. The 
information will be sent and then the TI flag will be set. 
There are two ways to cause a recelPtionto begin. The 
first is by causing a rising edge to occur on the REN 
bit, the second is by clearing RI with REN = I. In 
either case, RI is set again when the received byte is 
available in SBUF. 


Analog inputs are frequently required in a microcon- 
troller application. The 8097 has a IO-bit A to D con- 
verter that can use anyone of eight input channels. The 
conversions are done using the successive approxima- 
tion method, and require 168 state times (42 microsec- 
onds with a 12 MHz clock.) 


The results are guaranteed monotonic by design of the 
converter. This means that if the analog input voltage 
changes, even slightly, the digital value will either stay 
the same or change in the same din'ction as the analog 


input. When doing process control algorithms, it is fre- 
quently the changes in inputs that are required, not the 
absolute accuracy of the value. For this reason, even if 
the absolute accuracy of a IO-bit converter is the same 
as that of an 8-bit converter, the IO-bit monotonic con- 
verter is much more useful. 


Since most of the analog inputs which are monitored by 
a microcontroller change very slowly relative to the 42 
microsecond conversion time, it is acceptable to use a 
capacitive filter on each input instead of a sample and 
hold. The 8097 does not have an internal sample and 
hold, so it is necessary to ensure that the input signal 
does not change during the conversion time. The input 
to the AID must be between ANGND 
and VREF. 


ANGND must be within a few millivolts of VSS and 
VREF must be within a few tenths of a volt of VCC. 


Using the A to D converter on the 8097 can be a very 
low software overhead task because of the interrupt and 
HSO unit structure. The A to D can be started by the 
HSO unit at a preset time. When the conversion is com- 
plete it is possible to generate an interrupt. By using 
these features the A to D can be run under complete 
interrupt 
control. The A to D can also be directly 
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AID Command Reglater 


(LOCAn:>N 
02H) 


~321 


~GO 
CH# 


CHANNEL 
# SELECTS 
WHICH 
OF THE' 
ANALOG 
INPUT 


CHANNELS 
IS TO BE CONVERTED 
TO DIGITAL 
FORM; 


GO INDICATES 
WHEN THE CONVERSION 
IS TO BE 


INITIATED 
(GO = 1 MEANS 
START 
NOW, GO = 0 
MEANS 
THE CONVERSION 
IS TO BE INITIATED 


BY THE HSO UNIT AT A SPECIFIED 
TIME). 


AID CHANNEL 
NUMBER 


STATUS 
o = AID CURRENTLY 
IDLE 
1 = CONVERSION 
IN PROCESS 


AID RESULT: 


LEAST 
SIGNIFICANT 
2 BITS 
MOST SIGNIFICANT 
BYTE 


controlled by software flags which are located in the 
AD_RESULT/AD_COMMANlD 
Register, 
shown 


in Figure 2-19. 


Analog outputs are just as important as analog inputs 
when connecting to a piece of equipment. True digital 
to analog converters are difficult to make on a micro- 
processor because of all of the digital noise and the 
necessity of providing an on chip, relatively high cur- 
rent, rail to rail driver. They also take up a fair amount 
of silicon area which can be better used for other fea- 
tures. The A to D converter does w;e a D to A, but the 
currents involved are very small. 


For many applications an analog output signal can be 
replaced by a Pulse Width Modulated (PWM) signal. 
This signal can be easily generated in hardware, and 


takes up much less silicon area than a true D to A. The 
signal is a variable duty cycle, fixed frequency wave- 
f?rm that can be integrated to provide an approxima- 
tIOn to an analog output. The frequency is fixed at a 
period of 64 microseconds for a 12 MHz clock speed. 
~ontrolling the PWM simply requires writing the de- 
SIred duty cycle value (an 8-bit value) to the PWM 
Register. Some typical output waveforms that can be 
generated are shown in Figure 2-20. 


~on~erting the PWM signal to an analog signal varies 
In difficulty, depending upon the requirements of the 
system. Some systems, such as motors or switching 
power supplies actually require a PWM signal, not a 
true analog one. For many other cases it is necessary 
only to amplify the signal so that it switches rail-to-rail, 
and then filter it. Switching rail-to-rail means that the 
output of the amplifier will be a reference value when 
the 
input 
is a logical one, 
and 
the 
output 
will 


inter 


be zero when the input is a logical 2:ero.The filter can 
be a simple RC network or an active filter. If a large 
amount of current is needed a buffc:r is also required. 
For low output currents, (less than 100 microamps or 
so), the circuit shown in Figure 2-2!1 can be used. 


The RC network determines how quiet the output is, 
but the quieter the output, the slower it can change. 
The design of high accuracy voltage followers and ac- 
tive filters is beyond the scope of this paper, however 
many books on the subject are available. 


DUTY 
PWMcomROL 


CYCLE 
REGISTER 
VALUE 


0% 
00 
HI 


LO 


10% 
25 
~~Jl 


5O'J(, 
1211 
HI 


LO 


10% 
2311 
HI ..J 
LO 


...."" 
25!i 
HI 


LO 


27~~5 
PWM~ 


10 


The examples in this section show how to use each I/O 
feature individually. Examples of using more than one 
feature at a time are described in section 4. All of the 
examples in this ap-note are set up to be used as listed. 
If run through ASM96 they will load and run on an 
SBE-96. In order to insure that the:programs work, the 
stack pointer is initialized at the bc:ginningof each pro- 
gram. If the programs are going to be used as modules 
of other 
programs, 
the stack pointer 
initialization 


should only be used at the beginning of the main pro- 
gram. 


To avoid repetitive 
declarations 
the "include" 
file 


"DEM096.INC", 
shown in Listing 3-1, is used. ASM- 


96 will insert this file into the code file whenever the 
directive "INCLUDE 
DEM096.INC" 
is used. The file 


contains the definitions for the SIF'Rsand other vari- 
ables. The include statement has been placed in all of 
the examples. It should be noted that some of the lab- 


els in this me are different from those in the me 
8096.INC that is provided in the ASM-96 package. 


3.1. 
Using the 8096's Processing 
Section 


A good way of increasing speed for many processing 
tasks is to use table lookup with interpolation. This can 
eliminate lengthy calculations in many algorithms. Fre- 
quently it is used in programs that generate sine wave- 
forms, use exponents in calculations, or require some 
non-linear function of a given input variable. Table 
lookup can also be used without interpolation to deter- 
mine the output state of I/O devices for a given state of 
a set of input devices. The procedure is also a good 
example of 8096 code as it uses many of the software 
features. Two ways of making a lookup table are de- 
scribed, one way uses more calculation time, the second 
way uses more table space. 


, 
. 


: 
DEM096.JNC 
- 
DErINITION 
or 
SYMBOLIC 
NAMES 
rOR 
~HE 
I/O 
REGISTERS 
or 
THB 
109' 


: 
. 
I 
ZERO 
AD 
COMMAND 


AD-RESULT 
LO 


AD-REBULT-HI 
R51 
MODE 
- 
"5o-TIM8 
H5I-TIM£ 
USO-COMMAND 
H5I-S,.ATU8 
sau, 
INT 
MASIC. 


tNT-PENDING 
speON 
SPSTAT 
WATCHDOG 
TIMERI 
TI"8R2 
PORTO 
BAU 
0 
REG 


PORTI 
PO RT 2 
lOCO 
1050 
IOC I 
1051 
PWM 
CONTROL 


S P 
- 


RSEG 
• t 
ICH 


AX, 
DSII 
DX I 
DSII 
ax • 
DSII 
CX. 
DSII 


AL 
EOU 
AH 
EOU 


OOh,IlORD 
02HIBYTE 
02HaIY'I'£ 
OlHIBYTS 
DJRIIYTZ 
D4BIliORD 
34"JII'ORD 
'6HJIYTS 
)6H,BYTB 
l)lH, 
BYTB 


I)IH,BYTZ 
1)'HI8YTB 
11RIIYTE 
:LIR,8Y'rB 
UARaBY1'B 
OA",WORD 
C1CH,WORD 
ClaRllYTS 
ClER,.Y'!'B 
(IFR 
IIYTS 
IOH,8Y'!'Z 
15HIBYTE 
15RaBYTB 
1 6H, 
BYTE 


16H,IYTZ 


17HIBYTZ 
11H,WORD 


I 
Rill 
I 
II 
I 
R 
I 
R 


J 
I 
J 
R 


J 
I 
I 
I 
I 


I 
J 
R 


I 
R 
I 
R 
I 
I 
I 
I 
I 
R 
I 


J 
R 
I 
II 
, 
R/W 
S'rACK 
POIN'!'BR 


inter 


In both methods the procedure is nimilar. Values of a 
function are stored in memory for specific input values. 
To compute the output function for an input that is not 
listed, a linear approximation 
is made based on the 
nearest inputs and nearest outputs. As an example, con- 
sider the table below. 


If the input value was one of thO!;elisted then there 
would be no problem. Unfortunately the real world is 
never so kind. The input number will probably be 259 
or something similar. If this is the C,lSelinear interpola- 
tion would provide a reasonable result. The formula is: 


Delta Out = upperOutput-Lower Output '(At:tual Input-Lower Input) 
Upper Input-Lower Input 


Actual Output = Lower Output + Delta Out 
For the value of 259 the solution is: 


900-400 
500 
Delta Out = 300-200 '(259-200) = 100 '59 ~ 5' 
59 ~ 295 


Actual Output = 400 + 295 = 695 


To make the algorithm easier, (and therefore faster), it 
is appropriate to limit the range and accuracy of the 
function to only what is needed. It is also advantageous 
to make the input step (Upper Input-Lower 
Input) 


equal to a power of 2. This allows the substitution of 
multiple right shifts for a divide operation, thus speed- 
ing up throughput. The 8096 allows multiple arithmetic 
right shifts with a single instruction providing a very 
fast divide if the divisor is a power of two. 


For the purpose of an example, a program with a 12-bit 
output and an 8-bit input has been written. An input 
step of 16 (2**4) was selected. To cover the input range 
17 words are needed, 255/16 + I word to handle val- 
ues in the last 15 bytes of input range. Although only 
12 bits are required for the output, the 16-bit architec- 
ture otTersno penalty for using 16 instead of 12 bits. 


The program for this example, shown in Listing 3-2, 
uses the definitions and equates from Listing 3-1, only 
the additional equates and definitions are shown in the 
code. 


Input Value 
Relative 
Table Address 
Table Value 


100 
0001H 
100 
200 
0002H 
400 
300 
0003H 
900 
400 
0004H 
1600 


IN 
VAL, 


'tAiLa 
LOW. 
TABLE-HIGH. 
IN 
Olr, 


IN-oIPe 
TAB 
Olr. 


OU'I" 
RBSUL'f1 
OU"_DIPI 


1 
1 
1 
1 
1M 
DIP 
1 
1 
1 
1 


I 
Upper 
Input 
- 
Lover 
Input 


Ibyte 


J 
Upper 
Output 
- 
Lover 
Output 


inter 


LDa 
SRaa 
ANOB 


LOBZIt 
LD 


LD 


sua 


ANOB 


LDBII 


MUL 


S8RAL 


ADD 


SHRA 


ADDC 


no - 
1 nc 
l 
ST 


aR 


AL, 
1M 
VAL 
AL, 
I l- 
AL, 
111111110a 


Load 
te.p 
with 
Actual 
Value 
Divid_ 
the 
byte 
by 
• 
Inaura 
AL 
1 •• 
word 
a44r 
••• 
~bl 
•• 
ftectlvely 
divid 
•• 
AL 
by 
2 
ao 
AL 
• 
1M_VAL/I' 


Load 
byte 
AL 
to 
word 
AI 
(AX) 
J 
~A.LI 
LOW 
1. 
loaded 
with 
the 
value 
, 
in 
the 
table 
at 
table 
location 
AX 


(TAaLE+ZI 
(AX) 
I 
I 
I 


J 
TABLE 
HIGH 
1. 
loaded 
with 
the 
value 
in 
the 
table 
at 
table 
location 
A*+2 
(The 
n.xt 
value 
In 
the 
table) 


If the function is known at the time of writing the soft- 
ware it is also possible to calculate in advance the 
change in the output function for a given change in the 
input. This method can save a divide and a few other 
instructions at the expense of doubling the size of the 


IN_Olr8, 
IN_VAL, 
,orK 


IN_Olr. 
IN_Olr8 


OU~_Dlr, 
IN_DIP, 
7"8 
DIP 
I 
I 
aUT._Dlr, 
•• 
I 


1 
1 
1 
1 
IN 
DIP 
1 
1 
1 


IN 
DlrS-lea.t 
a19nlflcant 
• 
bit. 
of 
IN 
VAL 
Load 
byte 
IN_DIP. 
to 
word 
tN_DI' 


Output 
difference· 
Input-difference-Table 
difference 
Divide-by 
16 
(2**4) 


Add 
output 
difference 
to 
output 
generated 
vith 
truncated 
IN 
VAL 
aa 
input 
- 
Round 
to 
l2-bi 
t 
anaver 


c.eg 
AT 
2100H 


table. 
DC" 
000 
(IN, 
2000H, 
)400H, 
4COOR 
DC" 
500(IH, 
'AOOH, 
7200H, 
7IOOH 
DC" 
780CH, 
7DOOH, 
7'00H, 
6DOOH 
DC" 
5DOCH, 
4800H, 
)400H, 
2200H 
DC" 
100eH 


END 


lookup table. There are many applications where time 
is critical and code space is overly abundant. In these 
cases the code in Listing 3-3 will work to the same 
specifications as the previous example. 


IN 
VAL. 
TABLE 
LO'" 
TA8L!=INC. 
IN 
DIP. 
IN-DIP8 
OUTI 
RESULT, 
OUT_DIPI 


I 
Actual 
Input 
Value 
I 
Table 
value 
for 
function 
I 
Incre 
•• ntal 
change 
in 
function 
I 
upper 
Input 
- 
Love~ 
Input 
Ibyte 


inter 


look, 
LOI 
'H.I 
AHDI 


I •• 
'100ft 
f 
Initlali 
•• I. 
to 
top 
of 
e.g. 
f 11. 


AL. r.-VAL 
Load 
t •• p 
vith 
Actual 
Vllue 
AL. 
, l 
Divide 
tho 
byte 
by • 
AL. 
'111111101 
r~~r~·.t~.~fl:.r;ril:fi~:·IL 
by 
Z 
00 AL . 1M 
VAL/ll 
AI. AL 
LOld 
byte 
AL 
to 
word 
AI 


TABLB 
tHe 
1. 
10lded 
with 
the 
Yllue 
1n 
the 
incr 
••• 
nt 
tlbl. 
It 
location 
AX 


MUL 
OUT_l)lF, 
IN_DIP, 
TABLB 
tHe 
, 
Output 
d1fferenci 
• 
I 
tnput:dlfferenc.·tnc,eMental 
ehange 


IN 
DlrB-I 
••• t 
algnlflclnt 
4 
bit. 
of 
IN 
VAL 
LOld 
byte 
IN_DIPe 
to 
word 
IN 
DIP 


VIII_table: 
DCM 
DCM 
DCM 
DCM 
DCM 
ine 
table 
I 


DCM 
DCM 
DCM 
DCM 


Add 
output 
difference 
to 
output 
generated 
with 
truncated 
IN 
VAL 
•• 
input 
- 
Round 
to 
12-bl 
t 
Ina",e, 
Round 
up 
if 
Carry. 
1 


OOOOH, 
SOOOIl, 
78oott, 
5000H, 
1000. 


200oH, 
]400H, 
4eaOH 
J 
A 
,ando. 
function 
'ADDH, 
7200H, 
1100H 
7oooH, 
76ooH, 
6DooH 
4800H, 
)400H, 
22008 


By making use of the second lookup table, one word of 
RAM was saved and 16 state timl:S.In most cases this 
time savings would not make much of a difference, but 
when pushing the processor to the limit, microseconds 
can make or break a design. 


0110H 
OOlO. 
OrrOGH 
orEEON 


0200H, 
OOOOR, 
OOOZOH. 
orIEOR, 


0140H, 
OOIOK, 
OrptOK, 
OrEtOR, 


OlaOK, 
ouo •. 
orrlOR, 
orIEOR, 


Intel provides high level language support for most of 
its micro processors and microcontrollers in the form of 
PL/M. 
Specifically, PL/M 
refers to a family of lan- 
guages, each similar in syntax, but specialized for the 
device for which it generates code. The PL/M syntax is 
similar to PL/l, 
and is easy to learn. PLM-96 is the 
version of PL/M 
used for the 8096. It is very code 
efficient as it was written specifically for the MCS-96 
family. PLM-96 most closely resembles PLM-86, al- 
though it has bit and I/O function; similar to PLM-51. 
One line of PLIM-code 
can take the place of many 


lines of assembly code. This is advantageous to the pro- 
grammer, since code can usually be written at a set 
number of lines per hour, so the less lines of code that 
need to be written, the faster the task can be completed. 


If the first example of interpolation is considered, the 
PLM-96 code would be written as shown in Listing 3-4. 
Note that version 1.0 of PLM-96 does not support 32- 
bit results of 16by 16 multiplies, so the ASM-96 proce- 
dure "DMPY" 
is used. Procedure DMPY, shown in 
Listing 3-5, must be assembled and linked with the 
compiled PLM-96 program using RL-96, the relocator 
and linker. The command line to be used is: 


RL96 PLMEX1.0BJ, 
DMPY.OBJ, PLM96.LIB & 
to PLMOUT.OBJ ROM (2080H-3FFFH) 


'LN •• t 
DO' 


DECLARE 
IN 
VAL 
woaD 
.uaLIC, 
DECLARE 
TAiLE - 


LOll 
IIIT&O•• 
PUBLIC, 
DICLARE 
TABL. 
HIGH 
1""Ba •• 
.uaLIC, 
DECLARE 
TA8LI -DIP 
1""BG •• 
.oaLIC, 
OEeLA.1IlOUT 
- 
1""8G •• 
PUBLIC, 
DECLARE: 
RESULT 
1""SCS. 
.UBLIC, 
OECLARI 
OUT 
DIP 
LOIlGIIlT 
PUBLIC, 
OICLARI 
TIMP 
Wo.D 
.UBLIC, 


DECLARE 
TABLE(111 
OOOOH, 
2000R, 
SOOOH, 
'AOOH, 
1800H, 
7DOOR, 
SOOOH, 
4800H, 
lDDDN), 


INTItGltR 
DATA 
J400H, 
4COO", 
7200H, 
11008, 
7600R, 
,000H, 
J400H, 
22008, 


OM'Yt 
PROC.DU.B 
(A,II) LONGlll" ••TS.NAL, 
oICLAR. 
(A,BI 
II1T.CI., 


END 
nMPY, 


TABLS 
LOV-TABL8(T~MP)1 
I. 
If 
-T8MP- 
wa. 
replac.d 
by 
-8•• (IN VAL,4)- 
-, 


TABLS:HIGH-"ABLB('BMP+l)1 
I. 
"h. 
cod. 
would 
woct 
but 
the 
lOt' 
would 
./ 
I. 
do 
two 
.h1tt. 
., 


TABLB_DIP-TABLI_HIGB-TABLB 
LOW, 


OUT_DIP-OMPY 
(TABLI,_DIP,SIGNBO(IN 
VAL 
AND 
OPH» 
116, 


OUT-SAR({TABLE_LOV+OUT_DIP),4), 
/* 8AI 
p.rtor •• 
an 
arlth •• t1c 
r19ht 
.h1ft, 


1n 
th1. 
eel. 
4 plac •• 
are 
Ih1tted 
*1 


IF CARRY-a 
THIN 
aISULT-OUT, 
I· 
UI1n9 
the 
hardwere 
tlagl 
.uat 
b. 
done 
., 
ELSE 
RESULT-OUT+l, 
I- 
w1th 
car. 
to enlure 
the 
flag 
1. 
t•• ted 
., 


Ie 
1n 
the 
de.1red 
1n.truct1on 
.equence 
., 


,r..MRIG+ 
4 
'I:'MREG 
PI:'MRIG, l8.)+ 


, LOld 
return 
addr ••• 
, Load 
on. 
operand 
, Load 
•• cond 
operand 
and 
incr ••• nt 
S' 


inter 


Using PLM, code requires less lim:s, is much faster to 
write, and easier to maintain, but may take slightly 
longer to run. For this example, th~:assembly code gen- 
erated by the PLM-96 compiler takes 56.75 microsec- 
onds to run instead of 30.75 microseconds. If PLM-96 
performed the 32-bit result multiply instead of using 
the ASM-96 routine the PLM code would take 41.5 
microseconds 
to run. The actual 
code listings are 


shown in Appendix A. 


One of the most frequent uses of the HSI is to measure 
the time between events. This can be used for frequency 
determination in lab instruments, or speed/acceleration 
information when connected to pulse type encoders. 
The code in Listing 3-6 can be used to determine the 
high and low times of the signals on two lines. This 
code can be easily expanded to 4 liinesand can also be 
modified to work as an interrupt routine. 


Frequently it is also desired to keep track of the num- 
ber of events which have occurred, as well as how often 
they are occurring. By using a software counter this 
feature can be added to the above code. This code de- 
pends on the software responding to the change in line 
state before the line changes again. If this cannot be 
guaranteed then it may be necessary to use 2 HSI lines 
for each incoming line. In this case one HSI line would 
look for falling edges while the, other looks for rising 
edges. The code in Listing 3-7 includes both the counter 
feature and the edge detect feature. 


The uses for this type of routine are almost endless. In 
instrumentation it can be used to determine frequency 
on input lines, or perhaps baud rate for a self adjusting 
serial port. Section 4.2 contains an example of making a 
software serial port using the HSI unit. Interfacing to 
some form of mechanically generated position informa- 
tion is a very frequent use of the HSI. The applications 
in this category include motor control, precise position- 
ing (print heads, disk drives, etc.), engine control and 


HIGH 
TIMEt 
de. 
LOW 
TIMBt 
da. 
PERIODt 
de. 
Ht 
BDGBs 
d •• 
LO:SDGBI 
de. 


LO 
LOB 
LOB 


.al 
t I 
ADD 
JB8 
JBC 


contini 
LOB 


LO 


JB8 


hol -10. 
8•• 
8UB 
Ba 


hol -hi I 
8•• 
8UB 
Ba 


SNO 


BP, 
11008 
lOCO. 
1000000018 
881_NOOS. 
100001111B 


paRIOO, 
BIGH 
TIMB, 
LOW 
TIMB 
IOS1, 
" 
contin 
• 
If 
PIFO 
1. 
full 


,JOS1, 
7, 
.alt 
, 
.alt 
whil_ 
no 
pul •• 
t. 
entered 


ex, 
BSI_7IMB 


AL, 
1, 
hal_hi 


Load 
atatue, 
.ote 
that 
r •• dln9 


R81_TIMB 
cl •• r. 
HSI_STATUS 


, 
Load 
tb. 
H81_TIMa 


I 
Ju.p 
if 
881.0 
10 
high 


ax, 
LO 
BoGB 
RII]R 
•.iME, 
LO 
BDGB, 
HI 
BDGB 
walt- 


ax, 
HI 
BDGB 
::'~iTliB,HI 
BoGB, 
LO_BOGB 


inter 


transmission control. The HSI unit is used extensively 
in the example in section 4.3. 


Although the HSO has many us:s, the best example is 
that of a multiple PWM output. This program. shown 
in Listing 3-8, is simple enough to be easily understood, 
yet it shows how to use the HSO for a task which can 
be complex. In order for this program to operate, an- 
other program needs to set up the on and off time vari- 
ables for each line. The program also requires that a 


HSO line not change so quickly that it changes twice 
between consecutive reads of I/O 
Status Register O. 


(IOSO). 


A very eye catching example can be made by having the 
program output waveforms that vary over time. The 
driver routine in Listing 3-10 can be linked to the above 
program to provide this function. Linking is accom· 
plished using RL96, the relocatable linker for the 8096. 
Information 
for using RL96 
can be found in the 
"MCS-96 Utilities Users Guide", listed in the bibliogra- 
phy. In order for the program to link. the register dec- 


TIME, 
DSM 
LAST 
RI.B. 
DSN 
LAST-PALL 
I 
DSW 
HSI 
iOI 
DIB 


1081 
eAa, 
OSB 
PERIODI 
DIN 


LOW 
TIMB. 
OSM 


RIGH 
TIMB. 
01. 
cOUNi. 
OSM 


C.-I) 
at 


in 1 t I 
LD 


LD. 


LD. 
LD. 


vei 
t I 
ANDB 
ORI 


JIC 


ANDI 
LD 


JIS 
JIS 
IR 


a -r 1 •• 
I 
SUI 
SUI 
LD 
IR 


a - tall. 
SUI 
SU I 
LD 


incr 
••• 
nt. 


INC 


no-CRt: 
IR 


••0 


.et 
hal.l 
-, 
hal.O 
+ 
anable 
bel 
0,1 
'1'2 CLOCI-T2CLI, 
T2RST-TZRST 
Cl.ar 
tl •• 
r2 


Cl.ar 
JOSI 
11.1.7 
Store 
lnto-t 
•• p 
to 
avoid 
cl •• rlng 
other 
f189. 
which 
•• y 
b. 
n •• 4ed 


If 
hal 
1. 
not 
tr19gered 
then 


j u.p 
to 
val 
t 


HS) 
10,0,. 
1'1 •• 
H8J-SO,2,.-rall 
no_.cn 
t 
- 


LOlll' 
'l'IMI, 
TIMI, 
LAST 
PALL 
PI,ioo, 
TIMI,LAST 
RIi. 
LAST 
RISB, 
TIME 
- 
incre 
•• nt 


HIGH 
TIMB, 
TIMI, 
LAST 
RISE 
PERIOD, 
TIME,LAST 
PALL 
LAST_PALL, 
TIMI 
- 


HsO 
ON 
0: 
DSW 
"SO-OFr 
01 
DSW 
HSO-oN 
I 
I 
DSW 
Hso-Orr 
l: 
DSV 
OLO=STAYI 
d.b 
NEW_STAT: 
4.b 


LD 
LD 
LD 
LD 
LD 
AN DB 
lOR8 


atore 
stat: 
- 
AN08 


CMPB 
JE 
XOR8 


check 
0: 


JBe 
JBS 


set 
on 
0: 


LOB 
ADD 
BR 


check 
1: 


JBe 
J BS 


set_on 
1: 


LOB 
ADD 
BR 


.et 
off 
11 
LOB 
ADD 


8P,1100. 
HSO 
ON 
(I, 
'lOOH 
HSO-Orr 
0, 
'.00" 
"SO-ON 
I, 
'210" 
"SO-OFr 
1, 
'210B 
OLD-STAi, 
10SO, 
,orH 
OLD=sTA1, 
,orH 


S.t 
1 nl tlal 
val 
u •• 
Note 
that 
tl •••• 
u.t 
be 
long 
enough 


to 
.110w 
the 
routine 
to 
run 
.fter 
each 


line 
change. 


ror 
oI,peration 
with 
lnterrupta 
I.tore 
atat:1 
would 
be 
the 


entry 
point 
of 
the 
routine. 
- 
Note 
that 
a 
01 
or 
PUSHr 
.ight 
have 
to 
be 
added. 


NEW 
STIt.', 
1050, 
IOr8 
OLO-STA', 
NEW 
STAT 


",ait 
OLD_STA', 
NEV 
STAT 


HSO 
COMMAND, 
'001100008 


"SO-TIME, 
TIMERI, 
HsO_OFF 
0 


check 
I 


Set 
1150 
for 
t1_erl, 
set 
pln 
0 


Ti.e 
to 
set 
pin· 
Ti.erl 
value 


+ 
Ti.e 
for 
pin 
to 
be 
low 


Set 
"SO 
for 
tl.erl, 
clear 
pin 
0 


Tl.e 
to 
clear 
pin 
- 
Tl.erl 
value 


+ 
Tl.e 
for 
pin 
to 
be 
hlqh 


"SO 
COMMAND, 
1001100018 
HSO-TIME, 
TIMERl, 
HSO 
orr 
check 
40ne 
- 


Set 
HSO 
for 
tl.erl, 
clear 
pin 
I 


71 •• 
to 
cl •• r 
pin· 
Ti •• rl 
valu. 


+ 
7i •• 
for 
pin 
to 
b. 
high 


Lhsting 3·8. Generating 
a PWM with 
the HSO 


19-73 


intJ 


laration section (i.e., the section between "RSEG" and 
"CSEG") in Listing 3-8 must he changed to that in 
Listing 3-9. 


quency twice that of the first one. A slightly different 
driver routine could easily be the basis for a switching 
power supply or a variable frequency/variable 
voltage 


motor driver. The listing of the driver routine is shown 
in Listing 3-10. 
The driver routine simply changl:Sthe Quty cycle of the 
waveform and sets the second HSO output to a fre- 


NOTE: 
Us. 
this 
tile 
to 
replace 
the 
declaration 
aeetlon 
of 
the 
HSO 
PMM 
proqra. 
fro. 
·$INCLUDE(DEM096.JNC)· 
throuqh 
the 
line 
prlor 
to 
the 
label 
·walt-. 
Alao 
chanqe 
the 
l •• t 


br.ltch 
1n 
the 
proqr 
•• 
to 
• 
-RET-. 


o 
STATI 


ext,n 
extrn 
extrn 
extrn 
extrn 


1 
HSO 
OFr 
0 
Ivord 
, 
H50-0"-1 
,word 
HSO-COMMAND 
,byte 
10SO 
Ibyte 


HSO 
ON 
0 
HSO-OH-l 
U50-TIME 
TIMERl 
SP 


.vord 
tword 
Ivord 
Ivord 
:word 


public 
OLD 
STAT 


OLD 
STAT: 
- 
dab 


NEW:STAT: 
dab 


PUBtlC 
pueL Ie 
PUSL Ie 
PU BL 
I C 


USO 
ON 
0 
, 
HSO 
orr 
0 
H50-0N-l 
, "50-0r'-1 
HSO-TIME 
, 
HSO-COMMAND 
SP 
~ 
TIMBRl 
, 
1050 


1150 
ON 
01 
d.", 
Iiso-ori 
Ot 
da. 
II50-ON 
It 
de., 
Ifso-ori 
It 
de. 
e: 0 un t I 
- 
d. b 


(.( 
( 0 
ANOB 
XOR8 


loopi 
LO 
SUB 
LD 


SP, 
'lOOH 
OLD 
STAT, 
1080, 
'OrB 
OLD:S'PA'I', 
,orH 


el, 
,o10OH 


AI, 
'100oH 
.1, 
AI, 
el 
AI, 
el 


AI, 
HSO -ON 
0 
.., 
HSO -orr -0 


inter 
Ap·248 


SRa 
AX,'1 
SHR 
8X,'1 
ST 
AX, 
HSO 
OM 
1 
S~ 
8X, 
HSO:Orp_l 


INC 
ex 
eMP 
ex, 
'GOrOOH 
8MB 
loop 


Since the 8096 needs to keep track of events which of- 
ten repeat at set intervals it is convenient to be able to 
have Timer 2 act as a programmable modulo counter. 
There are several ways of doing this. The first is to 
program the HSO to reset Timer 2 when Timer 2 
equals a set value. A software timer set to interrupt at 
Timer 2 equals zero could be use:! to reload the CAM. 
This software method takes up two locations in the 
CAM and does not synchronize Timer 2 to the external 
world. 


To synchronize Timer 2 externally the 1'2 RST (Timer 
2 ReSeT) pin can be used. In this way Timer 2 will get 
reset on each rising edge of 1'2 RST. If it is desired to 
have an interrupt generated and time recorded when 
Timer 2 gets reset, the signal for its reset can be taken 
from HSI.O instead of T2RST. The HSI.O pin has its 
own interrupt vector which functions independently of 
the HSI unit. 


Another option available is to use the HSI.I pin to 
clock Timer 2. By using this approach it is possible to 
use the HSI to measure the period of events on the 
input to Timer 2. If both of the HSI pins are used 
instead of the T2RST and T2CLK pins the HSIO unit 
can keep track of speed and position of the rotating 
device with very little software overhead. This type of 
setup is ideal for a system like the one shown in Figure 
3-1, and similar to the one used in section 4.3. 


In this system a sequence of events is required based on 
the position of the gear which represents any piece of 
rotating machinery. Timer 2 holds the count of the 
number of tooth edges passed since the index mark. By 
using HSI.I as the input to Timer 2, instead of 1'2 
CLK, it is possible to determine tooth count and time 
information through the HSI. From this information 
instantaneous velocity and acceleration can be calculat- 
ed. Having the tooth edge count in Timer 2 means 


HSI.l OR T2CLK 


TIMER 2 HOLDS 
TOOTH 
COUNT 


HSI MEASURES 
PULSE 
PERIOO 


HSI.O OR T2RST 


RESETS 
TIMER 
2 AND/OR 
CAUSES 
INTERRUPT 


inter 


that the HSO unit can be used to initiate the desired 
tasks at the appropriate tooth coum. The interrupt rou- 
tine initiated by HSI.O can be used to perform any soft- 
ware task required every revolution. In this system, the 
overhead which would normally require extensive soft- 
ware has been done with the hardware on the 8096, 
thus making more software time available for control 
programs. 


Mode I of the serial port supports the basic asynchro- 
nous 8-bit protocol and is used tD interface to most 
CRTs and printers. The example in Listing 3-11 shows 
a simple routine which receives a character and then 


transmits the same character. The code is set up so that 
minor modifications could make it run on an interrupt 
basis. Note that it is necessary to set up some flags as 
initial conditions to get the routine to run properly. If it 
was desired to send 7 bits of data plus parity instead of 
8 bits of data the PEN bit would be set to a one. Inter- 
processor communication, as described in section 2.3.4, 
can be set up by simply adding code to change RB8 and 
the port mode to the listing below. The hardware 
shown in Figure 3-2 can be used to convert the logic 
level output of the 8096 to ± 12 or 15 volt levels to 
connect to a CRT. This circuit has been found to work 
with most RS-232 devices, although it does not con- 
form to strict RS-232 specifications. If true RS-232 
conformance is required then any standard 
RS-232 


driver can be used. 


CHR, 
d.tl 
1 
SPTEMP: 
dab 
1 
TEMPO 
J 
dab 
1 
TEMPI: 
d.t. 
1 


RCV_PLAG: 
dab 


see 
port 
intI 
- 
PUSHP 
cd 
_981nl 


- 
LDB 


ORB 
ANOB 
IN" 


SPTEMP, 
S'S'I'AT 
TZN'O, 
S 'TEM P 
SPTINP.,OllOOOOOB 
cd_lgain 
I 
Repeat 
until 
TI 
and 
al 
are 
properly 
cleared 


Thi. 
aectlon 
of 
code 
can 
be 
replaced 
with 
·ORI 
TBMPO, 
S, STAT- 
when 
the 
•• rlal 
port 
'1'1 and 
II 
bug. 
are 
fl •• d 


get 
byte. 


- 
J8C 


ST8 


AMOB 
L08 


put 
byte~ 


J8C 
J8C 
L08 
ANOB 


continue. 


POPP 
RaT 


~EMPO, 
6, 
put 
byte 
SBUP, 
CRR 
- 
TEMPO, 
'101111118 
RCV_PLAG, 
,OrPH 


RCV 
FLAG, 
0, 
continue 
TEMio, 
5, 
continue 


SBUr, 
CRR 
TEMPO, 
,11011111B 


ANOB 


CMP8 
JM! 
L08 
8R 


CHR, 
'011111118 
CHR,'ODH 
clr 
rcv 
CHR-; 
'OAH 
continue 


If 
RI-te.p 
1. 
not 
.et 
Store 
byte 
CLR RI-te.p 
Set 
bIt-receIved 
flag 


If 
receIve 
flag 
i. 
cl.are4 
If 
TI 
v •• 
not 
.et 
Send 
byte 
CLR 'l'1-t •• p 


R2 


TXD~ 
XMITDATA 


(TO RS232 PIN 3) 


RCVDATA 
(FROM 
RS232 PIN 2) 


The code in Listing 3-12 makes use of the software flags 
to implement a non-interrupt 
driven routine which 


scans A to D channels 0 throul~h 3 and stores them as 
words in RAM. An interrupt driven routine is shown in 
section 4.1. When using the A to D it is important to 
always read the value using th,e byte read commands, 
and to give the converter 8 state times to start convert- 
ing before reading the status bit. 


Since there is no sample and hold on the A to D con- 
verter it may be desirable to use an RC filter on each 
input. A lOOn resistor in series with a 0.22 uf capacitor 
to ground has been used succe:lsfully in the lab. This 
circuit gives a time constant of around 22 microseconds 
which should be long enough to get rid of most noise, 
without overly slowing the A to D response time. 


4.0 ADVANCED 
SOFTWARE 
EXAMPLES 


Using the 8096 for applications which consist only of 
the brief examples in the previous section does not 


reallY make use 01 ItS full capabilities. The following 
examples use some of the code blocks from the previous 
section to show how several I/O features can be used 
together to accomplish a practical task. Three examples 
will be shown. The first is simply a combination of sev- 
eral of the section 3 examples run under an interrupt 
system. Next, a software serial port using the HSIO 
unit is described. The concluding example is one of in- 
terfacing the HSI unit to an optical encoder to control a 
motor. 


4.1. 
Simultaneous 
1/0 Routines under 


Interrupt Control 


A four channel analog to PWM converter can easily be 
made using the 8096. In the example in Listing 4 ana- 
log channels are read and 3 PWM waveforms are gen- 
erated on the HSO lines and one on the PWM pin. 
Each analog channel is used to set the duty cycle of its 
associated output pin. The interrupt system keeps the 
whole program humming, providing time for a back- 
ground task which is simply a 32 bit software counter. 
To show which routines are executing and in which 


RESULT 
TABLBI 
asaUL'!' 
11 
d." 
aBSUL"-Z, 
d ••• 
RBSULor-]1 
de" 
RESULT::41 
d." 


MOP 
MOP 
check 
I 
JaB 


ADD. 
LD81S 
ST 


DJ~, 
8L, 
8L 
Dlt, 
DL 
Al(, 
•• SULT 
7.8L.(oX) 


inter 


order, Port 1 output pins are used to indicate the cur- 
rent status of each task. The actual code listing is in- 
cluded in Appendix B. 


The initialization section, shown in Listing 4-la, clears 
a few variables and then loads the first set of on and ofT 
times to the HSO unit. Note that 8 state times must 


be waited between consecutive loads of the HSO. If this 
is not done it is possible to overwrite the contents of the 
CAM holding register. An AID interrupt is forced by 
setting the bit in the Interrupt Pending register. This 
causes the first AID interrupt to occur just after the 
Interrupt 
Mask register is set and interrupts are en- 
abled. 


J 
This 
proqr 
•• 
w111 
proYld~ 
) 
PM" 
output. 
on 
"SO 
pine 
0-2 
; 
and 
one 
on 
the 
PMM. 
, 
, 
The 
PM" 
valu 
•• 
are 
deter_lned 
by 
the 
input 
to 
the 
AID 
converter. 
, 


J 
J Iff 
J 
J J, 
J Jill 
J 
f 
1"", 
J I' 
III 
J 
II 
J'" 
',1"", 
111111,' 
I' I" 
II" 


ON 
TIME. 
PM" 
'I'IMI 
I. 
DSN 
"SO-ON 
o. 
OSN 
H90-0N-l. 
DSIf 
"50:0.:2. 
os., 


RISULT 
'rAIL., 
RIBUL1' 
0, 
RESULT-I, 
RISUL,.-Z, 
RISULT:] 
, 


NIT 
OM 
'r, 
N.,.-or. 
0, 
NX,.-Or'-I. 
NXT-Orr-Z. 


eOUMT 
I 
- 
AD 
NUM. 
'I'M' 1 
"SO 
PIR, 
LAST _LO.'D 
I 


DCW 
atart. 
J 
Tl.er_oYf_lnt 
DCW 
Atod 
done 
lnt 
DCW 
atart 
, 
HSI_data_lnt 
DCW 
HSO_exec_int 


atart, 
LO 
CLa 
"al 
t I 
DIC 
3MB 


SP, 
'lOOH 
AX 
Al 
",.1 
t 


''1M 
TIME 
I, 
•. 010H 
HSO-PER, 
-,lOoH 
"SO-ON 
0, 
'040" 
"SO-ON-l, 
'010" 
"50=0.:', 
,OCO" 


inter 


La.t 
loaded 
value 
.a. 
set 
all 
pin. 
Enabl. 
USO 
and 
AID 
interrupt. 


rake 
an 
A/O 
and 
HSO 
interrupt 


"SO 
COMMAND, 
'001000108 
HSO:TIME, 
NXT_ON_T 


LAST 
LOAD, 
'000001118 
INT 
MASK, 
'000010108 
INr:PENDING, 
'000010108 


ORB 
AOD 
ADDC 
ANDB 
BR 


Portl, 
'000000018 
COJ"T. 
'01 
COUHT+2,zero 
Portl, 
'111111108 
lOllP 


HSO 
exec 
intI 
- 
PUSHP 


ORB 


, '" 
J, 
r fl" 
II 
I J 
J r r I' 
"I 
"," 
III 
r "'" 
J"" 
", 
I J J, "" 
r I , I111II 
J II" 
II 
r, 
I' J, 
J 
J 


"""""""" 
HSO 
EXBCUTED 
INTERRUPT 
I"""",J",,""" 


, 
J I I I I I I I I I I , I I , , , , I J fI 
I I I I I , , , I I , I , l , , , , l I , J l J I I , J 
, 
, I , J f , 
J I , J I I I , I I J I l , , , , I I 


sua 
TMPrTIMIRl, 
NXT 
ON 
T 
eM' 
TM'I,ZIRO 
- 
JLT 
aet_.off_ti 
•• a 


eet_on 
ti ••• 
1 
ADD 
LOB 
LD 
HOP 
HOP 
LOB 
LD 


NIT 
ON 
'1', HSO 
PSR 
NsO-COMMAND, 
i001101108 
850:'1'IMI, 
NXT_ON_T 


"SO 
COMMAND, 
'001000108 
HSO:TIME, 
NXT_OH_T 


LAST_LOAD, 
'OOOOOlllB 


PWM_CONTROL, 
PWM_TIME 
1 


ADD 
NXT 
orr 
0, 
NXT 
ON 
T, 
"SO 
0"_0 
LOB 
HSO-COMMAND, 
'000100008 
I 
Set 
"90 
for 
tl~erl, 
clear 
pin 
0 
LD 
Hso:'rIM£, 
NXT_O"_O 


HOP 
ADD 
NXT 
l)rr 
1, 
NXT 
ON 
T, 
HSO 
ON 
1 
LOB 
HSO-.:OMiAND, 
1000100018 
- 
- 
I 
Set 
HSO 
for 
tl.erl, 
clear 
pin 
1 


LD 
HSO:'rIME, 
NXT_orr_l 


HOP 
ADD 
NXT 
(IrF 
2, 
NXT 
ON 
T, 
HSO 
ON 
2 
LOB 
HSO-(:OM~ANO, 
,aOOIOOI0B 
- 
- 
J 
5et 
HSO 
for 
tt.erl, 
clear 
pin 
2 


LD 
H50:"IM£, 
NXT_OFr_2 


check 
donez 


AN DB 
PO pr 


RET 


inter 


'" 
I" 
f 
f ""'1""'" 
J 111," 
It 
1 """,,1 
"""',1111111111., 
"" 
JIll"'" 
III' 
111"""""'" 
A 
,.0 
0 
COMPLB'r£ 
INTERRUPT 
',1,","""""" 
I' 
II 
JIII""""",1 
II 
I ,,,,,.", 
,,,", 
11""""11'1 
11"""" 
"""""11111 


A'I'OO done 
tnt, 
- 
'USHP 
OR8 
Port:1, 
.000001008 


I 
Load 
lov 
order 
reeult 
I 
Load 
h19h 
order 
reeult 
I 
DL- 
AD_NUM 
-2 


ANDB 
LO. 


ADOB 
LOBIE 
ST 


AL, 
AD 
RESULT 
LO,'llOOOOOOB 
AH, 
AO-RBSULT-HI 
DL, 
AD-NUM, 
AD 
NUM 
ox, 
DL- 
- 
AX, 
RBSULT_TABLB(DXl 
J 
Store 


eMP. 
kL. 
101000000. 
JNH 
no 
I'Rd 
J 
Round 
up 
if 
n •• de4 
eMP. 
AH;tIOPPR 
J 
Don't 
iner 
••• 
nt 
if 
Aft-OPPH 
JB 
no 
I'nd 
INCa 
AR- 


no_rnd. 
Loa 
CLA. 
ST 


AL, 
AH 
I 
Al19ft 
byte 
and 
chan,a 
to 
word 
kR 
kX. 
OM 
TIMB(OX) 


AD_C:OMMAND, 
AD 
NUM, 
'10008 
, 
Start 
converalon 
on 
channel 
I 
indicated 
by 
AD 
NUM 
re91ater 
Port.1, 
'111110118 
, 
Cl.ar 
pl.2 
- 
kNOB 
POPP 
RBT 


The HSO routine shown in Listing 4-1b is slightly dif- 
ferent than the one in section 3. All of the HSO lines 
turn on at the same time, only the turn-off-time is var- 
ied between lines. This action is what is most common- 
ly required for multiple PWM outputs and simplifies 
the software. A comparison is made between Timerl 
and the next HSO turn on time at the beginning of the 
routine. If the next turn on time has passed, then the 
on-times are loaded into the CAM, otherwise the off 
times are loaded. 


The maximum number of events in the CAM at any 
given time is 7. This occurs when the first line to turn 
off does so, causing the off-times for all of the lines to 
be loaded. For two of the lines th,~rewill be an offtime, 
an on-time, and the just loaded off-time. The other line 
(the one that just turned oft) will have only the on-time 
and the just loaded off-time. 


AID conversions are performed by the code in Listing 
4-1c about every 60 microsecond.s, 42 for the conver- 
sion, the rest for overhead. The A/D routine sets up the 
HSO and PWM on and off times. Since the AID 


has a ten bit output, the most significant 8 bits are 
rounded up or down based on the least significant two 
bits. 


4.2. 
Software 
Serial Port Using the 
HSIO Unit 


There are many systeqls which require more than one 
serial port, an example is a system which must commu- 
nicate with other computers and have an additional 
port for a local console. If the on-board UART is being 
used as an inter-processor link, the HSIO unit can be 
used to interface the 8096 to an additional asynchro- 
nous line. 


Figure 4-1 shows the format of a standard lO-bit asyn- 
chronous frame. The start bit is used to synchronize the 
receiver to the transmitter; at the leading edge of the 
START bit the receiver must set up its timing logic to 
sample the incoming line in the center of each bit. Fol- 
lowing the start bit are the eight data bits which are 
transmitted least significant bit first. The STOP bit is 
set to the opposite state of the START bit to guar- 


inter 


antee that the leading edge of the START bit will cause 
a transition on the line; it also provides for a dead time 
on the line so that the receiver Cll.nmaintain its syn- 
chronization. 


The remainder of this section will :.how how a full-du- 
plex asynchronous port can be built from the HSIO 
unit. There are four sections to thi:; code: 
I. Interface routines. These routines provide a proce- 
dural interface between the inte:rrupt driven core of 
the software serial port and the remainder of the ap- 
plication software. 
2. Initialization routine. This routine is called during 


the initialization of the overall system and sets up the 
various variables used by the software port. 


3. Transmit ISR. This routine runs as an ISR (interrupt 


service routine) in response to an HSO· interrupt in- 
terrupt. Its function is to serialize the data passed to 
it by the interface routines. 


4. Receive ISRs. There are two ISRs involved in the 


receive process. One of them runs in response to an 
HSI interrupt and is used to synchronize the receive 
process at the leading edge of the start bit. The sec- 
ond receive ISR runs in response to an HSO generat- 
ed software timer interrupt, this routine is scheduled 
to run at the center of each bit and is used to deseri- 
alize the incoming data. 


The routines share the set of variables that are shown in 
Listing 4-2. These variables should be accessed only by 
the routines which make up the software serial port. 


Raid. 
the 
output 
charaeter+fr 
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for 
tran 
•• it 
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Holda 
the 
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of 
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bit 
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tick 
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Tranaitlon 
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of 
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Tad 
bit 
that 
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to 
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C~" 
for 
teat 
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reve 
atate: 


cxrdy 
rxoverrun 
rip 
reve_bull 
reve 
reg: 


••• 
pl._tlael 


char: 
,,,, 
.ark 
co •• 
and 


apace 
co ••• 
nd 
••• 
ple_ca 
•• 
and 


OllOlOlb 
OOlOlOlb 
OOllOOOb 


indicate. 
receive 
done 
indicat 
•• 
receive 
overflow 
receive 
In 
progre 
•• 
fllg 
used 
to 
double 
buffer 
receive 
data 
u •• d 
to 
d ••• 
rlalla. 
receive 
eecorda 
l •• t 
receive 
••• 
ple 
tl •• 


tl •• 
rl, 
•• 
t,lnterrupt 
on 
tl •• 
cl,cle,interrupt 
on 
loftvare 
tl •• 
e 
0 


inter 


stored the START and STOP bits are added to the data 
bits. The routine char-in 
is called when the applica- 
tion software requires a character from the port. The 
data is returned in the ax register in conformance to 
PLM 96 calling conventions. The routine csts can be 
called to determine if a character is available at the port 
before calling char_in. 
(If no character is available 
char_in 
will wait indefinitely). 


The table also shows the declarE.tions for the com- 
mands issued to the HSO unit. In this example HSI.2 is 
used for receive data and HSO.S is used for transmit 
data, although other HSI and HSO lines could have 
been used. 


The interface routines are shown if, Listing 4-3. Data is 
passed to the port by pushing the: eight-bit character 
into the stack and calling char_aut, 
which waits for 
any in-process transmission to complete and stores the 
character into the variable seriaC_out. 
As the data is 
The initialization routine is shown in Listing 4-4. This 
routine is called with the required baud rate in the 


, 
char 
outa 


J 
Output 
charlctar 
to 
the 
loft.lre 
•• rlll 
port 
, 
pop 
pop 
ldb 
• dd 
"at 
t 
for 
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1 t I 
c.p 
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ot 
br 


the 
return 
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for 
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bit 
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MaCK; II calculates me Int tIme Irom the baud rate and 
stores 
it in the 
variable baud_count 
in units 
of 
TIMER I ticks. An HSO commz.nd is issued which will 
initiate the transmit process and then the remainder of 
the variables owned by the port are initialized. The rou- 
tine init_receive is called to setup the HSI unit to look 
for the leading edge of the START bit. 


The transmit process is shown in Listing 4-5. The HSO 
unit is used to generate an output command to the 
transmit pin once per bit time. If the serial_out regis- 
ter is zero a MARK (idle condition) is output. If the 
serial_out 
register contains data then the least sig- 


nificant bit is output and the register shifted right one 
place. The framing information (START and STOP 
bits) are appended to the actual data by the interface 
routines. Note that this routine will be executed once 
per bit time whether or not data is being transmitted. It 
would be possible to use this routine for additional low 
resolution timing functions with minimal overhead. 


The receive process consists of an initialization routine 
and 
two 
interrupt 
service 
routines, 
hsi_isr 
and 


software_timer _isr. The listings of these routines are 
shown in Listings 4-6a,4-6b, and 4-6c respectively. The 
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start is detected by the hsi_iu 
which schedules a soft- 
ware timer interrupt in one-half of a bit time. This first 
sample is used to verify that the START bit has not 
ended prematurely (a protection against a noisy line). 
The software timer service routine uses the variable 
rcve_state to determine whether it should check for a 
valid START bit, deserialize data, or check for a valid 
STOP bit. When a complete character has been re- 
ceived it is moved to the receive buffer and init_receive 
is called to set up the receive process for the next char- 
acter. This routine is also called when an error (e.g., 
invalid START bit) is detected. 


Appendix C contains the corr..pletelisting of the rou- 
tines and the simple loop whieh was used to initialize 
them and verify their operation. The test was run for 
several hours at 9600 baud with no apparent malfunc- 
tion of the port. 


4.3. 
Interfacing 
an Optical Encoder to 
the HSI Unit 


Optical encoders are among one of the more popular 
devices used to determine position of rotating equip- 
ment. These devices output two pulse trains with edges 
that occur from 2 to 4000 times a revolution. 


Frequently there is a third line which generates one 
pulse per revolution for indexing purposes. Figure 4-2 
shows a six line encoder and typical waveforms. As can 
be seen, the two waveforms provide the ability to deter- 
mine both position and direction. Since a microcontrol- 
ler can perform real time calculations it is possible to 
determine velocity and acceleration from the position 
and time information. 


Interfacing to the encoder can be an interesting prob- 
lem, as it requires connecting mechanically generated 
electrical signals to the HSI unit. The problems arise 
because it is difficult to obtain the exact nature of the 
signals under all conditions. 


The equipment used in the lab was a Pittman 9400 se- 
ries gearmotor with a 600 line optical encoder from 
Vernitech. The encoder has to be carefully attached to 
the shaft to minimize any runout or endplay. Fortu- 
nately, Pitmann 
has started marketing 
their motors 
with ball bearings and optical encoders already in- 
stalled. It is recommended that the encoder be mounted 
to the motor using the exact specifications of the encod- 
er manufacturer and/or a good machine shop. 


CLOCKWISE 


PHASEA~ 


PHASEB~ 


COUNTERCLOCKWISE 


PHASEA~ 
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coder signals. The idealized sigm.ls coming from the 
encoder and after the digital filter are shown in Figure 
4-3. The circuitry connecting the encoder to the 8096 
requires only two chips. A one-shot constructed 
of 
XOR gates generates pulses on ea.ch edge of each sig- 
nal. The pulses generated by Phase A are used to clock 
the signal from Phase B and vice versa. The hardware is 
shown in Figure 4-4. CMOS parts are used to reduce 
loading on the encoder so that buffers are not needed. 
Note that T2CLK is clocked on both edges of both 
filtered phases. 


By using this method repetitive edges on a single phase 
without an edge on the other phase will not be passed 
on to the 8096. Repetitive edges on a phase can occur 
when the motor is stopped and ~ibrates or when it is 
changing direction. The digital filtering technique caus- 
es a little more delay in the signal at slow speeds than 
an analog filter would, but the simplicity trade off is 
worthwhile. The net effect of digital filtering is losing 
the ability to determine the first Ildge after a direction 
change. This does not affect the count since the first 
edge in both directions is lost. 
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rectly to the 8096. As these would be input signals, Port 
o is the most likely choice for connection. It would not 
be required to connect these lines to the HSI unit, as 
the information on them would only be needed when 
the motor is going very slowly. 


The motor is driven using the PWM output pin for 
power control and a port pin for direction control. The 
8096 drives a 7438 which drives 2 opto-isolators. These 
in turn drive two VFETs. A MOV (Metal Oxide Varis- 
tor, a type of transient absorber) is used to protect the 
VFETs, and a capacitor flIters the PWM to get the best 
motor performance. Figure 4-5 shows the driver cir- 
cuitry. To avoid noise getting into the 8096 system, the 
± 15 volt power supply is isolated from the 8096 logic 
power supply. 


This is the extent of the external circuitry required for 
this example. All of the counting and direction detec- 
tion are done by the 8096. There are two sections to the 
example: driving the motor and interfacing to the en- 
coder. The motor driver uses proportional control with 
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NOTES: 
Phase A' is Phase A clocked by Phase S 
Phase S' is Phase S clocked by Phase A 


some modifications and a braking algorithm. Since the 
main point of this example is I/O interfacing, the mo- 
tor driver will be briefly described at the end of this 
section. 
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In order to interface to the encoder it is necessary to 
know the types of waveforms that can be expected. The 
motor was accelerated and decelerated many times us- 
ing different maximum voltages. It was found that the 


D--T2CLK 
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(POWER) 


P2.7 


(DIRECTION) 


intJ 


motor would decelerate smoothly until the time be- 
tween encoder edges was around 100 microseconds. At 
this point the motor would either c:ontinueto decelerate 
slowly, or would suddenly stop and reverse. The latter 
case is the one that was most problematic. 


After a brief overview, each section of the program will 
be described separately, with the complete listing in- 
cluded in the Appendix D. In ord,:r to make debugging 
easier, as well as to provide insight into how the pro- 
gram is working, 110 port I is used to indicate the 
program status. This information eonsists of which rou- 
tine the program is in and under which mode it is oper- 
ating. The main program sections are: Main loop, HSI 
interrupt, Timer 2 check, and Motor drive. There are 
also minor sections such as initialization, timer over- 
flow handling, and software timer handling. Tying ev- 
erything together is some overhead and glue. Where the 
glue is not obvious it will be discussed, otherwise it can 
be derived from the listings. 


The program is a main loop which does nothing except 
serve as a place for the program to go when none of the 
interrupt routines are being run. All of the processing is 
done on an interrupt basis. 


There are three basic software modes which are in- 
voked depending on the speed of ':he motor. The modes 
referred to as 0, I and 2, in order from slowest to fastest 
operation. When the program is running the operating 


mode is indicated by the lower 2 bits of Port I, with the 
following coding: 


P1.0 
P1.1 
Mode 
Description 


0 
0 
0 
HSI looks at every edge 
1 
0 
1 
HSI looks at Phase A edges only 


0 
1 
2 
Timer 2 used instead of HSI 
1 
1 
2 
(alternate 
form of above) 


The example is easiest to see if mode 2 is described frrst, 
followed by mode I then mode O.In mode 2 Timer 2 is 
used to count edges on the incoming signal. A software 
timer routine, which is actually run using HSO.O, uses 
the Timer 2 value to update a LONG (32-bit) software 
counter labeled POSITION. The HSO routine runs ev- 
ery 260 microseconds. The HSO.O interrupt is used in- 
stead of an actual software timer because of the ability 
to easily unmask it while other software timer routines 
are running. 


In the code in Listing 4-7, the mode is first determined. 
For the first pass ignore the code starting with the label 
in_mode_I. Starting with in_mode_2 the counter is 
incremented or decremented based on bit zero of DI- 
RECT. If DIRECT.O = 0 the motor is going back- 
ward, if it is a I the motor is going forward. Next the 
count difference is checked to see if it is slow enough to 
go into mode I. If not the routine returns to the code it 
was running when the interrupt occurred. 
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If the pulse rate is slow enough to go to mode I, the 
transition is made by enabling HSI.Oand HSI.1. Both 
of these lines are connected to tht: same encoder line, 
with HSI.Olooking for rising edge; and HSI.I looking 
for falling edges. The HSI_TIME 
register is read to 
speed up clearing the HSI FIFO and the LASTl_ 
TIME value is set up so the modt: I routine does not 
immediately put the program into another mode. The 
HSI FIFO is then cleared, the Timer 2 value used 
throughout this routine is saved, and the routine re- 
turns. 


This routine still runs in modes () and I, but in an 
abbreviated form. The section of code starting with the 
label in_model checks to see if th~ pulses are coming 
in so slowly that both HSI lines can be checked. If this 
is the case then all of the HSIs are enabled and the 
program returns. This routine is the secondary method 
for going from mode 1 to mode 0, the primary method 
is by checking the time between edges during the HSI 
routine, which will be described latllr. 


The HSO routine will enable modt: 0 from mode I if 
two edgesare not receivedevery 260 microseconds.The 
primary method, (under the HSI routine), can only 


enable mode 0 after an edge is received. This could 
cause a problem if the last 2 edges on Phase A before 
the encoder stops were too close to enable mode O.If 
this happened, mode 0 would not be enabled until after 
the encoder started again, resulting in missed edges on 
Phase B. Using the HSO routine to switch from mode 1 
to mode 0 eliminates this problem. 


Figure 4-6 shows a state diagram of how the mode 
switchingis done. As can be seen,there are two sources 
for most of the mode decisions. This helps avoid prob- 
lems such as the one mentioned above. 


When either Mode I or Mode 0 is enabled the HSI 
interrupt routine performs the counting of edges, while 
the HSO routine only ensures that the correct mode is 
running. The routines for modes 0 and I share the same 
initialization and completion sections, with the main 
body of code being different. 


The initialization routine is similar to many HSI rou- 
tines. The flags are checked to ensure that the HSI 
FIFO data is valid, and then the FIFO is read. Next, 
the main body of code (for either mode 0 or mode I) is 
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NOTES: 
Mode 0: HSI Examines 
edges 
on Phase A and B 
Mode 
1: HSI Examines 
edges 
on Phase A only 
Mode 
2: TIMER 
2 stores 
edgecount 
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run. At the end time and count values are saved and the 
holding register is checked for another event. Listing 4- 
8 contains the initialization and completion sections of 
the HSI routine. 


Listing 4-9 is the main body of the Mode I routine. 
Before any calculations are done in Mode I, the incom- 
ing pulse period is measured to see if it is too fast or too 
slow for mode 1. The time period between two edges is 
used so that the duty cycle of the waveform will not 
affect mode switching. If it is de:termined that Mode 2 
should be set, Port 1.1 is set, a] of the HSI lines are 
disabled, and the HSI fifo is cleared. If Mode 0 is to be 
set all of the HSI lines are ena.bled and the variable 
LASTJTA 
Tis cleared. LASL_STAT 
= 0 is used as 
a flag to indicate the first HSI interrupt in Mode 0 after 
Mode 1. After the mode checking and setting are com- 
plete the incremental value in Timer 2 is used to update 


POSITION.The program then returns to the comple- 
tion section of the routine. 


There is a lot more code used in Mode 0 than in Mode 
I, most of which is due to the multiple jump statements 
that determine the current and previous state of the 
HSI pins. In order to save execution time several blocks 
of code are repeated as can be seen in Listing 4-10. The 
first determination is that of which edge had occurred. 
If a Phase A edge was detected the LAST/_TIME 
and 
LASTl_TIME 
variables are updated so a reference to 
the pulse frequency will be available. These are the 
same variables used under Mode 1. A test is also made 
to see if the edges are coming fast enough to warrant 
being in Mode I, if they are, the switch is made. If the 
last edge detected was on Phase B, the information is 
used only to determine direction. 
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Mter mode correctness is confirmed and the LASTx_ 
TIME values are updated 
the .USTJTAT 
(Last 
Status) variable is used to determine the current direc- 
tion of travel. The POSITION valLieis then updated in 
the direction specified by the last two edges and the 
status is stored. Note that the first time in Mode 0 after 
being in Mode I, the Mode 1 done._chk routine is used 
to update POSITION, instead of the routines going_ 
fwd and going_rev 
from the Mode 0 section of code. 


The completion section of code is then executed. 


Providing the PWM value to drive the motor is done by 
a routine running under Softwan: Timer J. The first 
section of code, shown in Listing 4-11a, has to do with 
calculating the position and timer errors. Listing 4-11b 
shows the next section of code where the power to be 
supplied to the motor is calculated. First the direction 
is checked and if the direction is reverse the absolute 
value of the error is taken. If the error is greater than 
64K counts, the PWM routine is loaded with the maxi- 
mum value. The next check is made to see if the motor 


is close enough to the desired location that the power to 
it should be reversed, (i.e., enter the Braking mode). If 
the motor is very close to the position or has slowed to 
the point that is likely to turn around, the Hold_Posi- 
'tion mode is entered. 


The determination of which modes are selected under 
what conditions was done empirically. All of the pa- 
rameters used to determine the mode are kept in RAM 
so they can be easily changed on the fly instead of by 
re-assembling the program. The parameters in the list- 
ing have been selected to make the motor run, but have 
not been optimized for speed or stability. A diagram of 
the modes is shown in Figure 4-7. 


In the Hold_Position 
mode power is eased onto the 


motor to lock it into position. Since the motor could be 
stopped in this mode, some integral control is needed, 
as proportional control alone does not work well when 
the error is small and the load is large. The BOOST 
variable provides this integral control by increasing the 
output a fixed amount every time period in which the 
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error does not get smaller. Onc€: the error does get 
smaller, 
usually 
because the motor 
starts 
moving, 
BOOST is cleared. 


A sanity check can be performed at this point to double 
check that the 8096 has proper control of the motor. In 
the example the worst that can happen is the proto- 
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type will need to be reset, so the sanity check was not 
used. If one were desired, it could be as simple as 
checking a hardware generated direction indicator, or 
as complex as checking motor condition and other en- 
vironmental factors. 


After all checks have been made, the power value is 
loaded to the RPWR register using a software inversion 
to compensate for the hardware invenion. Direction is 
determined 
next and the power and direction 
are 


changed in adjacent instructions with interrupts dis- 
abled to prevent changing power without direction and 
vice versa. 


To exercise the program logic the dl~ired position is 
changed based on the time value using the code and 
lookup table shown in Listing 4-12. 


The remaining sections of the program are relatively 
simple, but worth discussing briefly. The initialization 
routine initializes the I/O features and places several 
variables from ROM into RAM. Having these variables 
in RAM makes it easier to tweak the algorithm. Timer 
I is expanded into a 32-bit timer by the interrupt rou- 
tine shown in Listing 4-13. 


Software timer overhead is handled by the routine 
shown in Listing 4-14. In this routine the status of each 
timer bit is checked in a shadow register. If any of the 
timers have expired the appropriate routine is called. 
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The last routine, shown in Listing 4-15, is the Software 
Timer 2 routine which outputs so:ne variables to exter- 
nal RAM. It also keeps LASTl __Time within 1800H 
of Timer! to prevent overflows from occurring when 
the Mode 0 and Mode I software check this variable. 


A complete listing of the program as it is used in our 
lab can be found in Appendix D. For a given motor or 
encoder it will probably be necessary to change some of 
the time constants on the first page of the listing. With 
the motor used in our experimentation, 
pulses are 
missed from time to time when direction 
changes 
quickly. If the motor were not as (;lStto turn around or 
the encoder were mounted better these problems should 
disappear. The missing pulses occur when switching 
from Mode I to Mode 0, other than that no anomalies 
were found in the lab. 


Prior to the version of code just discussed, several at- 
tempts were made, one of which l:ould be used under 
certain constraints. It is possible to use only modes 2 
and 0 to monitor the encoder, provided the encoder 


always operates smoothly and provides at least 200 mi- 
croseconds between the last several edges of Phase A 
before reversing. This idea was originally tried because 
the motor was not characterized 
thoroughly at first, 


and caused problems because of the motors tendency to 
stop suddenly when its speed was low. 


If an encoder has a lower line count and therefore more 
time between output pulses the two mode solution can 
be used. The software for the two mode version can be 
easily extracted form the three mode version, so it will 
not be presented. 


The diagram in Figure 5-1 illustrates how to connect an 
8096 in a minimum configuration system. Either 2764s 
or 27128s can be used in the system. Note that the 
lower EPROM contains the even bytes while the upper 
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This circuit will allow most of the wftware presented in 
this ap-note to be run. In a system.designed for proto- 
typing in the lab it may be desirable to buffer the I/O 
ports to reduce the risk of burning out the chip during 
experimentation. One may also want to enhance the 
system by providing RC filters on the A to D inputs, a 
precision VREF power supply, and additional RAM. 


the usage of the lines can be restricted to inputs or 
outputs on a port by port rather than line by line basis. 
The ports are reconstructed by using standard memory- 
mapped I/O techniques, (i.e., address decoders and 
latches), at the appropriate addresses. If no external 
RAM is being used in the system then the address de- 
coding can be partial, resulting in less complex logic. 


The reconstructed I/O ports will work with the same 
code as the on chip ports. The only difference will be 
the propagation delay in the external circuitry. 


If it is desired to fully emulate a 8396'then I/O ports 3 
and 4 must be reconstructed. It is easiest to do this if 


An overview of the MCS-96 family has been presented 
along with several simple examples and a few more 
complex ones. The source code for all of these pro- 
grams are available in the Insitt: Users Library using 
order code AE-16. Additional information on the 8096 
can be found in the Microcontroller Handbook and it is 
recommended that this book be in your possession be- 
fore attempting any work with the MCS-96 family of 
products. Your local Intel sales office can assist you in 
getting more information on the ~,096and its hardware 
and software development tools. 


7.0 BIBLOGRAPHY 
I. MSC-96 Macro Assembler User's Guide, Intel Cor- 


poration, 1983. 
2. Microcontroller 
Handbook 
(1985), Intel Corpora- 


tion, 1984. 


3. MSC-96 Utilities User's Guide, Intel Corporation, 


1983. 


SOURCE 
FILE· 
F3· INTERI 
A9b 
OBJECT 
FILE 
F3: INTERI 
OBJ 
CONTROLS 
SPECIFIED 
IN INVOCATION 
COMMAND 
NOSB 


0022 


0022 
0024 
0026 
0028 
0028 
~ 
002A 
OO2C 
..•. 
002E 
-4 
0030 
..•. 
••0- 
~ 
it 
0 
roo 
2080 


I\) 
00 
2080 
AlOOOl18 
~ 
C" 
2084 
B0221C 
2087 
18031C 
208A 
71FEIC 


208D 
ACICIC 
2090 
A31D002124 


LINE 


I 
2 
3 
4 


=1 
:I 


=1 
:13 
:14 
:1:1 
:16 
:17 
:18 
:19 
60 
61 
62 
63 
64 
6:1 
66 
67 
68 
69 
70 
71 
72 
73 
74 
7:1 
76 
77 
78 
79 
80 
81 


SOURCE 
STATEMENT 
$TITLE( 
'INTER. 
A96. 
Interpolation 
1"outlne 
1') 


,i.i.ii 
8096 
A5s.mbl~ 
code 
for 
table 
lookup 
.nd 
interpol.tion 


SINCLUOE(:FO. 
DE1'1096.INC) 
; 
Include 
demo definitions 


.nollst 
Turn 
listing 
off 
for 
include 
file 


End 
of 
include 
file 


IN_VAL: 
d.b 
I 
Actu •• 
Input 
Vjjlue 
TABLE_LOW: 
d••• 
I 
TABLE_HIQH: 
d••• 
I 
IN-DIF: 
d••• 
I 
Upper 
Input - 
Lower 
Input 
IN_DIFB 
R'lU 
IN_DIF 
:by to 
TAB _DIF: 
d••• 
I 
Upper 
Output - 
LoweT' 
Output 
OUT: 
d••• 
I 
RESULT: 
d••• 
I 
OUT _DIF: 
dol 
I 
; 
DRIt. 
Out 


AL. 
IN_VAL 
AL. 
_3 
AL. 
_11111110B 


LOAd 
temp 
with 
Actu.) 
V.lue 
DivldR 
th. 
bytR 
by 8 
Insure 
AL 
1s 
• 
word 
.ddress 
This 
.ff.ctiv.l~ 
divides 
AL 
b~ 2 
.0 AL = 
IN_VAL/16 


LDB 
SHRB 
ANDB 


LDBZE 
AX. 
AL 
Lo.d 
byt. AL 
to ••ord AX 
LD 
TABLE_LOW. 
TABLE 
[AX] 
TABLE_LOW 
I. lo.d.d 
••Ith th. 
v.lu. 
in 
the 
table 
.t 
t.ble 
loc.tion 
AX 


209A 
48242b2A 


209E 
510F2228 


20A2 
AC2828 


20A5 
FE4C2A2830 


20AA 
OE0430 


:J- 
20AD 
4424302C 
:.. 
-f 
II 
2081 
OA042C 
17ii' 
20B4 
A4002C 
r- 
0 
20B7 
C02E2C 
~ 
0~ 
20BA 
27C8 
C 
0 
'0 
(,) 
0 
2100 
0~ 
2100 
000000200034004C 
S' 
2108 
005DOObA00720078 
c: 
(]) 
2110 
007B0070007bOObD 
S: 
2118 
005D004B00340022 
2120 
0010 


LD 
TABLE_HIGH. 
ITABLE+2lCAX] 
i 
TABLE_HIGH 
i5 
!oad"d 
with 
th" 
; valu" 
in 
th" 
tab!" 
at 
tabl" 
; 
1oc~t i on 
AX+2 
(Th. 
n •• t 
v.lu. 
in 
the 
t.bl.) 


5"""'L. 
QUI-UAr, 
W~ 


ADD 
OUT. 
OUT _DIF. 
TABLE _LOW 


SHRA 
OUT. 
.4 
ADDC 
OUT. 
ZItTO 


no 
inc: 
ST 
OUT. 
RESULT 


BR 
look 


IN_DIFB=!"ast 
significant 
4 
bits 


of 
IN_VAL 
Load 
byt" 
IN_DIFB 
to 
word 
IN_DIF 


Output_differenc. 
= 
Input_diff.r@nce*T~bl._diff.r.nc. 
~ivt~~ 
~~ 
16 ~2.*~' 


Add 
output 
difference 
to 
output 
generated 
wlth 
truncated 
IN_VAL 
as 
input 
Round 
to 
12-bit 
answer 
Round 
up 
if 
Carr~ 
; 


DCW 
OOOOH. 
2000H. 
3400H. 
4COOH 
; A 
random 
function 
DCW 
5DOOH. 
bAOOH. 
7200H. 
7800H 
DCW 
7BOOH. 
7DOOH. 
7bOOH. 
bDOOH 
DCW 
5DOOH. 
4BOOH. 
3400H. 
2200H 
DCW 
1000H 


SOURCE 
FILE 
F3 
INTER2 
A96 
OBJECT 
FILE 
F3 
INTER2 
DB,) 
CONTROLS 
SPECIFIED 
IN 
INVOCATION 
COMMAND 
NOSB 


0024 


0024 
0026 
)0- 
0028 
~ 
002A 


-I 
002A 


...•. 
II) 
002C 
tr 
002E 
~ 
iD 
0030 
0 
r- 


"'" 
00~ 
2080 
C."N 
2080 
AIOOOl18 


2084 
B0241C 
2087 
18031C 
208A 
71FEIC 


2080 
ACICIC 


2090 
A310002126 


2095 
A310222128 


LINE 
1 
2 
3 
4 
5 
6 
~I 
7 
=1 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
80 
81 
82 
83 
84 
85 
86 


SINCLUOE( 
FO.OEM096 
INCl. 
Include 
demo 
defin.t.ons 
$nolist 
Turn 
listing 
off 
for 
tnrl11'1e 
-fi!e 
End 
of 
Include 
file 


IN_VAL 
TABLE_LOW: 
TABLE_INC: 
IN_DIF: 
IN_DIFB 
OUT: 
RESULT. 
OUT_DIF 


I 
I 
I 
I 
IN_DIF 
I 
I 
I 


Actual 
Input 
Value 
Table 
value 
for 
function 
Incremental 
change 
In 
function 
Upper 
Input 
- 
Lower 
Input 


CSEG 
at 
2080H 


LO 
SP. 
.IOOH 
Initialize 
SP 
to 
top 
of 
reg. 
file 


look: 
LOB 
AL. 
IN_VAL 
Load 
temp 
with 
Actual 
Value 
SHRB 
AL. 
.3 
DIVide 
the 
b~te 
b~ 
8 
ANDB 
AL. 
.IIIII110B 
Insure 
AL 
IS 
a word 
address 
This 
effectivellJ 
divIdes 
AL 
b~ 
2 
so AL 
= 
IN VAL/16 
LOBlE 
AX. 
AL 
Load 
b~te 
AL 
to word 
AX 


TABLE_INC 
15 
loaded 
with 
the 
value 
In 
the 
Increment 
table 
at 
locatIon 
AX+2 


2100 
2100 
000000200034004e 
2108 
005D006A00720078 
2110 
007B007D0076006D 
2118 
005D004800340022 
2120 
0010 
2122 
2122 
0002400180011001 
212A 
D000800060003000 
2132 
200090FF70FFOOFF 
213A 
EOFE90FEEOFEEOFE 


IN_DIFB=least 
significant 
4 
bits 
of 
IN_VAL 
Load 
bVte 
IN_DIFB 
to word 
IN_DIF 


MUL 
OUT_DIF. 
IN_DIF. 
TABLE_INe 
I 
Output_difference 
Input_dtfference*Xncremental_chang. 


val_table: 


DeW 
Dew 
Dew 
Dew 
Dew 
inc_tab Ie: 


DeW 
Dew 
Dew 
Dew 


OUT. 
OUT _DIF. 


OUT. .4 
OUT. 
zero 


OUT. 
RI="511LT 
look 


OOOOH. 
5DOOH. 
7BOOH. 
5DOOH. 
IOOOH 


0200H. 
OODOH. 
00020H. 
OFEEOH. 


TABLE_LOW' 
Add 
output 
difference 
to 
output 
generated 
with 
truncated 
IN_VAL 
as 
input 
Round 
to 
12-blt 
answer 
Round 
up 
if 
Carr~ 
= 


2000H. 
3400H. 
4eOOH 
, A 
random 
function 
6AOOH. 
7200H. 
7800H 
7DOOH. 
7600H. 
6DOOH 
4BOOH. 
340OH. 
2200H 


0140H. 
0080H. 
OFF90H. 
OFE90H. 


0180H. 
0060H. 
OFF70H. 
OFEEOH. 


0110H 
0030H 
OFFOOH 
OFEEOH 


SERIES-III 
PL/M-9b 
VI 
0 COMPILATION 
OF 
MODULE 
PLMEX 


OBJECT 
MODULE 
PLACED 
IN 
F3 
PLMEXI 
OB~ 
COMPILER 
INVOKED 
BY 
PLM9b 
Bb 
F3 
PLMEXI 
P9b 
CODE 


2 
DECLARE 
IN_VAL 
WORD 
PUBLIC; 
3 
DECLARE 
TABLE_LOW 
INTEGER 
PUBLIC, 
'! 
DEC!..A~E 
TABLE .. 6-I!Q~ 
fNTFGER 
PUBLIC, 


5 
DECLARE 
TABLE_.DIF 
INTEGER 
PUBLIC' 


b 
DECLARE 
OUT 
INTEGER 
PUBLIC' 
7 
DECLARE 
RESULT 
INTEGER 
PUBLIC, 


B 
DECLARE 
OUT_DIF 
LONGINT 
PUBLIC, 
9 
DECLARE 
TEMP 
WORD 
PUBLIC, 


10 
DECLARE 
TABLE <I7) 
INTEGER 
DATA 
OOOOH, 
2000H, 
3400H, 
4COOH, 
1* 
A 
r.andoID 
function 
*1 
5DOOH, 
bAOOH, 
7200H, 
7BOOH, 
7BOOH, 
7DOOH, 
7bOOH, 
bDOOH, 
5DOOH, 
4BOOH, 
3400H, 
2200H, 
1000H), 


DMPY: 
PROCEDURE 
(A,B) 
LONGINT 
EXTERNAL' 
DECLARE 
(A,B) 
INTEGER, 
END 
DMPY, 


1* 
If 
"TEMP" 
w.s 
repl.ced 
b~ 
"SHR(IN_VAL. 
4)" 
*1 
1* The 
code 
would 
work 
but 
the 
8096 
would 
*1 
1* do 
two 
shifts 
*1 


TABLE_DIF=TABLE_HIGH-TABLE_LOW; 


OUT_DIF=DMPY(TABLE_DIF,SIGNED(IN_VAL 
AND 
OFH)) 
116, 


006B 
981COO 
CMPB 
RO.TMPO 
006E 
0705 
BNE 
@OOOI 
STATEMENT 
21 
0070 
A0200A 
R 
LD 
RESULT.TMP4 
0073 
2005 
BR 
@0002 
STATEMENT 
22 
0075 
@000l: 


0075 
A0080A 
R 
LD 
RESULT. OUT 
0078 
070A 
R 
INC 
RESULT 
STATEMENT 
23 
007A 
@0002: 


007A 
27AA 
BR 
LOOP 
STATEMENT 
24 
J:"~D 


MODULE 
INFORMATION: 


CODE 
AREA 
SIZE 
005AH 
900 
CONSTANT 
AREA 
SIZE 
= 
0022H 
340 
DATA 
AREA 
SIZE 
OOOOH 
00 
STATIC 
REGS 
AREA 
SIZE 
= 
0012H 
180 


OVERLAYABLE 
REGS 
AREA 
SIZE 
MAXIMUM 
STACK 
SIZE 
48 
LI NES 
READ 


~ 
~ 
'Vr:3:. 
lD 
CJ) 
0 
0 
Q. 


CD! 
~ :f 
0 
m 
<0 
>C 
'0 
III~ 
lIJ 
0"~0 
0;:tS' 
c: 
CD.9: 


SOURCE 
FILE: 
:F3:MULT.A96 
OBJECT 
FILE: 
:F3:MULT. OBJ 
CONTROLS 
SPECIFIED 
IN 
INVOCATION 
COMMAND: 
NOSB 


LINE 
SOURCE 
STATEMENT 
1 
.TITLEl 
'MULT. APT: 
16*16 
multipl~ 
procedure 
for 
PLM-96, 
) 
2 
3 
4 
SP 
EGU 
IBH:word 
5 
6 
rseg 
7 
EXTRN 
PLMREG 
:long 
B 
9 
cseg 
10 
11 
PUBLIC 
DMPY 
MUltipl~ 
two 
integers 
and 
return 
a 
12 
longint 
result 
in AX, 
DX 
registers 
13 
E 
14 
DMPY: 
POP 
PLMREG+4 
i 
Load 
return 
address 
E 
15 
POP 
PLMREG 
i 
Load 
one 
operand 
E 
16 
MUL 
PLMREG. [SPJ+ 
Load 
second 
operand 
and 
increment 
SP 
17 
E 
IB 
BR 
[PLMREG+4J 
i 
Return 
to PLM 
code. 


19 
END 


0000 
CC04 
0002 
CCOO 
0004 
FE6E1900 


It,jpUTFILES: 
:F3:PLMEXI.OBJ. 
:F3·MUl.T OBJ. 
PLM9b.l.IB 
OUTPUT 
FIl.E: :F3:PLMOUT.OBJ 
CONTROLS 
SPECIFIED 
IN 
IINOCATION 
COMMAND: 


ROM(2080H-3FFFH) 


INPUT 
MODULES 
INCLUDED: 
'F3:P~MEX1 
OBJePLMEX) 
12/25/84 


·F3:MULT.OBJ(MULT) 
12/25/84 
PLM9b.LIBCPLMREG) 
11/02/83 


Jo 
~ 
SEGMENT 
MAP 
FOR 
:F3: PLMOUT. OBJ(PLMEX): 
'1l... 
TYPE 
BASE 
LENGTH 
ALIGNMENT 
MODULE 
NAME 
i: 
I 
--------- 
----------- 
CD 
01 
() 
**RESERVED* 
OOOOH 
001AH 
0 
*** 
GAP *** 
OOtAH 
0002H 
Q. 


REG 
OOtCH 
0008H 
ABSOLUTE 
PLMREG 
CD! 
REG 
0024H 
0012H 
WORD 
PLMEX 
~ 
STACK 
003bH 
0006H 
WORD 
':r 
*** 
GAP 
*** 
003CH 
2044H 
...•. 
III 
CODE 
2080H 
0OO3H 
ABSOLUTE 
PLMEX 
0 
>C 
*** 
GAP 
*** 
2083H 
OOOtH 
'a 
Dl 
CODE 
2084H 
007CH 
WORD 
PLMEX 
~ 
(It 
CODE 
2tOOH 
OOOAH 
BYTE 
MULT 
0' 
*.* 
GAP 
••• 
210AH 
DEF6H 
~ 
0 
0 
~. 
::;) 
c: 
CD.e, 


ATTRIBUTES 
VALUE 
N"ME 
---------- 


PUBLICS: 


REG 
WORD 
0024H 
IN_VAL 
REG 
INTEGER 
0026H 
TABLE_LOW 
REG 
INTEGER 
0028H 
TABL.E_HIGH 
REG 
INTEGER 
002AH 
TABL.E_DIF 
REG 
INTEGER 
002CH 
OUT 
REG 
INTEGER 
002EH 
RESUL.T 
REG 
L.ONGINT 
0030H 
OUT_DIF 
REG 
WORD 
0034H 
TEMP 
,on,,&::, 
ea.ITII:IV 
"'Jfl"\I"\U 
D!l'!PY 
REG 
L.ONG 
OOICH 
PL.MREG 
NUL.L. 
NUL.L. 
003CH 
MEMORY 
NUL.L. 
NUL.L. 
IFC4H 
?MEMORY _SIZE 


MODUL.E: PL.MEX 


MODUL.E: MUL.T 


MODUL.E: PL.MREG 


SOURCE 
FILE 
F3.PULSE 
A9b 
OBJECT 
FILE 
F3.PULsE.OBJ 


CONTROLS 
SPECIFIED 
IN 
INVOCATION 
COMMAND 
NOSB 


LINE 
I 
2 
3 


=1 
4 
=1 
52 
53 
54 
55 
5b 
57 
58 
59 
bO 
bl 
b2 
b3 
b4 
b5 
bb 
b7 
b8 
b9 
70 
71 
72 
73 
74 
75 
7b 
77 
78 
79 
80 
81 
82 
83 
84 
85 
8b 
87 


0028 


0028 
002A 
002C 
002E 
:.- 
0030 
~ 
'U 
Ciii 
2080 
..• 
It 
~ 
3: 
It 
..• 
DI 
2080 
AIOOOl18 
I\) 
III 
C 
2084 
BIOl15 
.. 
2087 
BIOF03 
It3 
It 
208A 
442A282C 
:J 
208E 
3Elb03 
..• 
2091 
371bFb 


2094 
BOOblC 


2097 
A00420 


209A 
391C09 


2090 
C03020 


20AO 
482E3028 
20A4 
27E4 


20Ab 
C02£20 


$INCLUDE(DEM09b 
INC) 
$nolist 
Turn 
listing 
off 
for 
include 
file 
End 
of 
Include 
file 


HIGH_TIME: 
dsw 
LOW_TIME: 
ds •• 
PERIOD: 
ds •• 
HI_EDGE' 
ds •• 
LO_EDGE: 
dsw 


LD 
LOB 
LOB 


wai t: 
ADD 
,iBS 
,iBC 


contin: 
LOB 


LD 


,iBS 


hsi 
10: ST 
SUB 
BR 


hSl - 
hi. 
ST 


SP. 
.IOOH 
lOCO. 
.00000001B 
HSI_MODE •• 000011118 


PERIOD. 
HIGH_TIME. 
LOW_TIME 
1051. 
b. 
contin 
If FIFO 
is 
full 
10S1. 
7. 
wait 
i 
Wait 
",hill' 
no pulse 
15 
entered 


BX. 
LO_EDGE 
HIGH_TIME. 
LO_EDGE. 
HI_EDGE 
walt 


JI.4. Pulse Measurement 
(Continued) 


19-113 


SOURCE 
Filt 
~3 
~NHSI 
A~6 


(JDJECT ~ [l.E 
F3 
ENIISI mI.) 
CON1ROLS 
SPECIFIED 
IN 
INVOCATION 
COMMAr~1J Nosa 


INE 


I 
2 
3 


~I 
4 


=1 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
80 
81 
82 
83 
84 
85 
86 
87 


0028 


0028 
> 
002A 
~ 
002C 


m 
002E 
:l 
002F 
=r 
0030 
DI:l 
0032 
0 
0034 
CDQ. 
0036 
~ " 
c: 
2080 
...•. ii 
.j>. 
CD 
~ 
2080 
AI000118 


CD 
Dl 
2084 
1312516 
IIIc:..• 
CD3 
2087 
019903 
CD 
208A 
010715 
:l.• 


2080 
717F2F 
2090 
90162F 


2093 
372FF7 


2096 
51 55062E 


209A 
AOO428 


$INCLUOECOEM096 
INC) 


$nollst 
Turn 
listing 
off 
for 
Include 
file 


End 
of 
Include 
fIle 


cseg 
at 


ini 
t. 
LO 


LOB 


LOB 
LOO 


TIME 
LAST 
RISE. 


LAST_FALL' 
HSI_SO 
10SI_BAK: 
PER 100: 
LOW_TIME' 
HIGH_TIME: 
COUNT, 


set 
hsi. 
1 
-j 
hsi. 
0 
+ 
Enable 
hSl 
0.1 
T2 
CLOCK=T2CLK. 
T2RST=T2RST 
Clear 
timer2 


Clear 
IOSI_BAK.7 
Store 
into 
temp 
to 
avoid 
clearing 
other 
flags 
Which 
ma~ 
be 
needed 
If 
hSl 
is 
not 
triggered 
then 
Jump 
to 
walt 


209D 
382EO:5 
88 
JBS 
20AO 
3A2EOF 
89 
JBS 
20A3 
20lA 
90 
BR 
91 
20A:5 482C2832 
92 
•-ris.: 
SUB 
20A9 
482A2830 
93 
SUB 
20AD 
A0282A 
94 
LD 
20BO 
200B 
9:5 
BR 
9b 
20B2 
482A2834 
97 --f_ll. 
SUB 
20Bb 
482C2830 
98 
SUB 
20BA 
A0282C 
99 
LD 
100 
20BD 
101 
increment: 


c:.vuu 
v,~u 
.n~ 
""r 
20BF 
27CC 
103 
no -cot: 
BR 
104 
20CI 
10:5 
END 


ASSEMBLY 
COMPLETED. 
NO 
ERROR(SI 
FOUND. 


HSI_SO. O. a_rise 
HSI_SO.2. 
__ f_11 
no_cot 


LOW_TIME. 
TIME. 
LAST_FALL 
PERIOD. 
TIME. LAST_RISE 
LAST _R ISE. 
TIME 
increment 


HIGH_TIME. 
TIME. 
LAST 
RISE 
PERIOD. 
TIME. LAST_FALL 
LAST _FALL. 
TIME 


SOURCE 
FILE: 
:F3:HSODRV. 
A96 
OBJECT 
FILE: 
.F3:HSODRV.OBJ 
CONTROLS 
SPECIFIED 
IN 
INVOCATION 
COMMAND: 
NOSB 


~ 
~~ 
0028 
~ 
~ 
11: 
~ 
C 
0028 
• 
~ 
5' 
002A 
(1) 
G 
002C 
.. 
:r 
002E 
It 
0030 
% 
~ 
2080 


2080 
FA 
2081 
AI000118 
208~ 
~IOFI~OO 
2089 
9:l0FOO 


208C 
208C 
AI000122 


2090 
AIODI0lC 
2094 
48221C20 
2098 
A0221C 


LINE 
I 
2 
3 
4~ 
6 
7 
8 
9 
10 
II 
~I 
12 
=1 
60 
61 
62 
63 
64 
6' 
66 
67 
68 
69 
70 
71 
72 
73 
74 
7' 
76 
77 
E 
78 
E 
79 
eo 
81 
82 
83 
84 
8:l 
86 
87 


PUBLIC 
PUBLIC 
PUBLIC 
PUBLIC 


HSO_ON_O. 
HSO_OFF_O 
HSO_ON_1 
• HSO_OFF_I 
HSO_TIME 
• HSO_COMMAND 
SP 
• TIMER I • 
1050 


tINCLUDECDE"096.INC) 
tnollst 
Turn 
listing 
off 
for 
include 
file 
End 
of 
Include 
file 


HSO_ON_O: 
dsw 
HSO_OFF _0: 
dsw 
HSO_ON_I: 
dsw 
HSO_OFF_I: 
dsw 
count: 
dsb 


EXTRN 
w.1t 
:entr~ 


strt: 
Dl 
LD 
SP. 
.IOOH 
ANDB 
OLD_STAT. 
1050. 
.OFH 
XORB 
OLD_STAT. 
.OFH 


inlthl: 
LD 
CX • •010OH 


loop: 
LD 
AX. 
.100OH 
SUB 
BX. 
AX. 
CX 
LD 
AX. 
CX 


209B 
C0281C 
209E 
C02A20 


20Al 
08011C 
20A4 
080120 
20A7 
C02CIC 
20AA 
C02E20 


20AD 
EFOOOO 


20BO 
0722 
.2082 
89000F22 
20B6 
D7D8 


20B8 
27D2 
- 
20UA 
.- 
1» 


'V 
ASSEMBLY 
COMPLETED. 
~~ 
c: 
III 
3" 
...• 
IC 
~ .. 
'::T 
...• 
CD 
-...j 
::I: 
en00 
03- 
S'c 
CD.9: 


ST 
AX. 
HSO_ON_O 
ST 
BX. 
HSO_OFF_O 


SHR 
AX. 111 
SHR 
BX.II1 
ST 
AX. 
HSO_ON 
1 
ST 
BX. 
HSO_OFF -1 


CALL 
wait 


INC 
CX 
CMP 
CX. 
tlOOFOOH 
ONE 
loop 


OR 
initial 


END 


SOURCE 
FILE 
F3.HSOMOD 
A96 
OOJECT 
FILE 
F3.HSOMOD 
OOJ 
CONTROLS 
sPEcfFIED 
IN 
INVOCATION 
COMf1AND 
NOsO 


~ 


'""0~~ 
c: 
IIIS' 
..• c 
~ 
:f 
..• 
CD 


(Xl 
::t: 
0000 
1Il0 
0 
0000 


0~:i" 
r:: 
(!)S 


0001 
0002 


0000 


0000 
3EOOFD 
0003 
FD 


LINE 
I 
2 
3 
4 
5 
6 
7 
e 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
E 
38 
39 
40 
41 
42 
43 
44 


SOURCE 
STATEMENT 
$TITLE( 
'HSOMOD 
A96: 
8096 
PWM 
PROGRAM 
MODIFIED 
FOR 
DRIVER') 
$PAGEWIDTH<1301 


NOTE: 
Use 
this 
file 
to 
replace 
the 
declar.tion 
section 
of 
thR 
HsO 
PWM 
program 
from 
"$INCLUDEIDEM096. 
INC)" 
through 
the 
line 
prior 
to 
the 
l~b.l 
"wait". 
Also 
change 
the 
last 
branch 
in 
the 
program 
to 
a 
"RET" 


D_STAT: 
extrn 
extrn 
Ratro 
eltrn 
eltTn 


I 
HSO 
OFF_O 
",ord 
HsO_OFF _I 
:",ord 
HsO_COMMAND 
:bVtR 
1050 
: bvte 


HSO_DN_O 
HsO_ON_I 
HSO_TIME 
TIMER I 
SP 


: word 
: Ulord 
: word 
: word 
: word 


public 
OLD_STAT 
OLD_STAT: 
dsb 
NEW_STAT: 
dsb 


For 
opperation 
with 
interrupts 
'store_stat 
' would 
be 
the 
entr~ 
point 
of 
the 
routine. 


Note 
that 
a 01 
or PUSHF 
m,ght 
have 
to 
be added 


_. 


0004 
45 
store 
stAt: 
I Iet 
0004 
~IOF0002 
E 
46 
ANDO NEW_STAT. 
1050. 
_OFH 
i 
Store 
new 
status 
of 
HsO 
0008 
980201 
R 
47 
CMPO OLD_STAT, 
NEW_STAT 
0000 
DFF3 
48,JE 
wa it 
0000 
940201 
R 
49 
XORO OLD_STAT. 
NEW_STAT 
50 
51 
0010 
52 
chock 
O. 


0010 
300113 
R 
53 
- 
JBC 
OLD_STAT. 
0, 
chock 
I 
Jump 
If 
OLD_sTAT(O)=NEW_sTAT(O) 


0013 
380209 
R 
~4 
Jas 
NEW_SlAT. 
0, 
sot_off_O 
~~ 
0016 
56 
sot_on_O: 


0016 
013000 
E 
~7 
LDO 
HSO_COMMAND, _OOIIOOOOB 
Sot 
HSO for 
tImorl. 
sot 
pin 
0 
0019 
44000000 
E 
~8 
ADD 
HsO_TIME. 
TIMERI. 
HsO_.oFF 0 
Time 
to 
sot 
pin 
= 
Timorl 
IIalue 
0010 
2007 
59 
BR 
check_l 
+ 
Time 
for 
pin 
to 
be 
low 
60 
:;p. 
"'He" 
0& 
~~,,_urf_u 
~ 
OOIF 
011000 
E 
62 
LDO 
HSO_COMMAND, _000100008 
Sot 
HsO for 
timorl. 
cloar 
pin 
0 
• 
0022 
44000000 
E 
63 
ADD 
HsO_TIME. 
TIMERI. 
HsO_ON_O 
Timo 
to 
cloar 
pin 
= 
Timorl 
IIaluo 
~ 
64 
+ 
Time 
for 
pin 
to 
be 
high 
0026 
65 
ch.ck 
I: 


31: 
0026 
310113 
R 
66 
- 
,JOC 
OLD STAT. 
I, 
chock 
dono 
,Jump If 
OLD STAT< I )=NEW STAT< I) 
;: 
0029 
390209 
R 
67 
J8s 
NEW:::sTAT. 
1. 
sot_Off_1 
-- 
- 
~ 


...• .& 
002C 
69 
sot 
on 
I. 
II 
:a:- 
ep 
:T 
002C 
BI3100 
E 
70 
- 
- 
LD8 
HsO_COMMAND, _001100018 
Sot 
HsO for 
timerl, 
sot 
pin 
I 
l' 
:::: 
III 
002F 
44000000 
E 
71 
ADD 
HsO_TIME. 
TIMERI, 
HsO_OFF_1 
, 
Tim. 
to 
sot 
pin 
= 
Timorl 
IIaluo 
~ 
<0 
::t 
0033 
2007 
72 
8R 
check_don. 
CO 
~ 
n 
o 
0035 
74 
s.t 
off 
1: 
'0 
0035 
811100 
E 
75 
- 
-LDB 
HsO_COMMAND, _00010001B 
Sot 
HsO for 
timorl, 
clo ••r 
pin 
I 
g 
0038 
44000000 
E 
76 
ADD 
HsO_TIME, 
TIMERI, 
HsO_ON_l 
,Tim. 
to 
clear 
pin 
= 
Timerl 
IIaluo 
e 
77 
+ 
Time 
for 
pin 
to 
be 
high 
~ 
003C 
78 
check_done: 


~ 
003C 
000201 
R 
79 
LDB 
OLD_STAT, 
NEW_STAT 
Store 
current 
status 
and 
- 
80 
wait 
for 
interrupt 
flag 
81 
003F 
FO 
82 
RET 
83 
use 
"SR 
",.it" 
if 
this 
routine 
is 
used 
with 
the 
driver 
84 
0040 
85 
END 


AssEM8LY 
COMPLETED, 
HO ERROR(s) 
FOUND. 


270061-82 


SUURCE 
FILE 
F3 SP A96 
OBJECT 
FILE 
F3 
SP oOJ 


CONTROLS 
SPECIFIED 
IN INVOCATION 
COMMAND 
NoSO 


LINE 
I 
2 
3 
4 
=1 
5 


=1 
53 
54 
~5 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
80 
81 
82 
83 
84 
85 


0028 


0028 
0029 
002A 
002B 
002C 


)0- 
200C 
;... 


~ 
en 
200C 
9C20 
CD..• 
I\) 
i!: 
2080 
0 
"0 
0 
2080 
AI0001l8 
::l. 


2084 
012016 


51NCLUOElOEMo96 
INCI 
$nolist 
Turn 
listing 
oFf 
for 
include 
file 
End 
of 
includ~ 
file 


CHR. 
dsb 
1 
SPTEMP: 
dsb 
I 
TEMPO. 
dsb 
1 
TEMPI: 
dsb 
1 
RCV_FLAG: 
dsb 


2080 
014911 


2090 
C42807 
2093 
01202A 


2096 
014008 
2099 
FO 
209A 
27FE 


209C 
209C 
F2 
2090 
209u 
IlUlli!'t 
20AO 
90292A 


)10 
20A3 
716029 
;... 
20A6 
07F5 
f 
20A8 
:2- 
20A8 
362A09 
!!. 
20AO 
C42807 


~ 


"0 
20AE 
71BF2A 
0 
20B1 
BIFF2C 
~ 
::l 
'0 
20B4 
0 
20B4 
302CI8 
;l 
2087 
352AI5 
::j' 
20BA 
B02807 
c: 
(1) 
20BO 
710F2A 
S 
20CO 
717F28 
20C3 
990028 
20C6 
0705 
20C8 
BIOA28 
20C8 
2002 


20CO 
20CO 
112C 


20CF 
20CF 
F3 
2000 
FO 


2001 


ASSEMBLY 
COMPLETED. 


LOB 
El 
loop: 
BR 


ser 
_port_lnt' 


PUSHF 
rd_agaln. 


LOll 
ORB 
ANOO 
JNE 


get_b~te. 


Jlle 
STB 
ANOB 
LOB 


put_b~te· 


JBC 
JBC 
LOB 
ANOB 


ANOB 
CMPB 
JNE 
LOB 
BR 


continu.: 


POPF 
RET 


SPTEMP. 
SPSTAT 
TEMPO. 
SPTEMP 
SPTEMP ••011000000 
rd_agaln 


TEMPO. 
6. 
put_b~te 
SBUF. 
CHR 
TEMPO •• 
10111111B 
RCV_FLAG. 
.OFFH 


RCV_FLAG. 
O. 
continue 
TEMPO, 
:), 
continue 
SBUF. 
CHR 
TEMPO •• 
1I011111B 


CHR. 
.01111111 
B 
CHR ••ODH 
cIT_rev 
CHR. 
.OAH 
continue 


This 
se,tlOri 
of 
code 
can 
be 
replaced 
With 
"ORB 
TEMPO. 
SP_STAT" 
when 
the 
serIal 
port 
TI 
and 
RI 
bugs 
aTP 
Fixed 


If 
RI-temp 
15 
not 
set 
Store 
b~t. 
CLR 
RI-t •••p 
Set 
bit-received 
fl~g 


If 
receive 
fl.0 
is 
cleared 
If 
TI 
w.s 
not 
set 
S.nd 
b~te 
CLR 
TI-t •••p 


SOURCE 
FILE: 
F3·AToO 
A96 
oDJECT 
FILE· 
.F3. ATOO. ODJ 
CONTROLS 
SPECIFIED 
IN 
INVOCATION 
COMI1AND: 
NOSB 


LINE 
I 
2 
3 
=1 
4 


=1 
:)2 
:)3 
:)4 
:):) 
56 
57 
:)8 
:)9 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
80 
81 
82 
83 
84 
85 
86 


0028 


0020 
001E 


0028 
0028 
~ 
002A 
~ 
002C 
~ 
002E 
.• 
0 
~ 
C 
2080 
I\) 
0 
I\) 
0:J< 
2080 
AIOOO118 
III 
2084 
0120 
::1 
III..• 
2086 
55082002 


208A 
FD 
208B 
FO 
208C 
3B02FD 


208F 
B0021C 
2092 
B0031D 


209~ 
542020lE 
2099 
ACIEIE 
209C 
C31E281C 


2OAO 
1720 


SINCLUDEIDEM096.INC) 
Snolist 
Turn 
listing 
off 
for 
include 
file 
End 
of 
include 
file 


RESULT _TABLE: 


RESULT 
I: 


RESULT_2: 
RESULT_3: 
RESULT_4: 


NOP 
NOP 
check: 
-.lBS 


ADDB 
LDBZE 
ST 


AL. 
AD_RESULT_LO 
AH. 
AD_RESULT_HI 


OL. 
BL. 
BL 
OX. 
DL 
AX. 
RESULT_TABLE[DXJ 


inter 


J: 
M0• •. 
j 
M.. 
'" 
C 


'"Q 
Q 
Z 
a:: 
Z 
.. 
'" 
W 


ciz:>0 
",coo-o- 
LL 
CllCllClllt'lt' 


UI 


a::0 
II:: 
a:: 
W 
0Z 


Qw... 


0 
W 
N 
oJ 
M 
LL 
a.. 


0 
Q 
1: 
t- 
o 
t- 
N 
u 
N 
II> 
t- 
> 
.. .. .. 
oJ 
0 
0 
0 
'" 
N 
N 
l\l 
1: 
W 
UI 
Ul.. 


A.B. A to D Converter 
(Continued) 


19·123 


SOURCE 
FILE. 
:F3:A2DHSO.A96 
OBJECT 
FILE: 
:F3:A2DHSO.OBJ 


CONTROLS 
SPECIFIED 
IN 
INVOCATION 
COMMAND: 
NOSB 


LINE 
I 
2 
3 
4 
5 
6 
7 
B 
9 
10 


=1 
II 
=1 
59 
60 
61 
62 
63 
64 
65 
66 
67 
6B 
69 
70 
71 
72 
73 
74 
75 
76 
77 
7B 
79 
BO 
BI 
B2 
B3 
B4 
B5 
B6 


002B 


OOIE 
~ 
002B 
~ 
002B 
I\) 
002A 
~ 
002C 
002E 


0030 
0030 
0032 
0034 
0036 


003B 
003A 
003C 
003E 
0040 
0044 
0046 
004B 
004A 


.INCLUDEIDEM096.INCl 
.nolist 
Turn 
listing 
off 
for 
include 
file 
End 
of 
include 
file 


PWM_TIME_I: 
DSW 
HSO_ON_O: 
DSW 
HSO 
ON 
I: 
DSW 
HSO::::ON::::2: 
DSW 


RESULT _TABLE: 


RESUL T_0: 
DSW 
RESULT_I: 
DSW 
RESUL T_2: 
DSW 
RESULT _3: 
DSW 


NXT_ON_T: 
NXT_OFF_O: 
NXT_OFF _I: 
NXT_OFF _2: 
COUNT: 
AD_NUM: 
TMP: 
HSO_PER: 
LAST_LOAD: 


:J: 
eno 


~zc» 
-4o 
Cc:~ 
z"U 
C~ 
mZ 
JJC 
z>< 
~m 
JJ 
JJc: 


"U 
-4 
oo 
Z 
-4 
JJor- 


_. 


2000 
B7 
cseg 
AT 
2000H 
I Il 
BB 
2000 
B020 
B9 
DeW 
start 
; 
Time,,_ovf -Int 
2002 
ID21 
90 
DeW 
Atod_done -iot 
2004 
B020 
91 
DeW 
st.rt 
; 
HSI_data 
iot 
2006 
CC20 
92 
DCW 
HSO_p.xl!'c 
iot 
93 
, 
94 
.EJECT 


95 


20BO 
96 
cseg 
AT 
20BOH 
97 
20BO 
AIOOOIIB 
9B 
start: 
LD 
SP. 
.IOOH 
Set 
Stack 
Pointer 
20B4 
OIIC 
99 
CLR 
AX 
20B6 
051C 
100 
wal t: 
DEC 
AX 
wait 
appro. 
O. 2 seconds 
For 
20BB 
D7FC 
101 
·..•N£ 
...... ,;. 
; 
SiiE 
i.u 
iinisn 
communlca~10ns 
102 
20BA 
1144 
103 
CLRB 
AD_NUI1 
104 
20BC 
AIBOO02B 
105 
LD 
PWI1_TII1E_I•• 
OBOH 
2090 
AI00014B 
106 
LD 
HSO_PER. 
.IOOH 
2094 
AI40002A 
107 
LD 
HSO_ON_O. 
.040H 
209B 
AIBOO02C 
lOB 
LD 
H50_ON_I. 
.OBOH 
209C 
AICOO02E 
109 
LD 
HSO_ON_2. 
.OCOH 
110 
»> 
...• 


I 


20AO 
4500010A3B 
111 
ADD 
NXT_ON_T. 
Tilller!, 
.10OH 
"U 
~ 
112 
. 
N 
I\) 
20A5 
013606 
113 
LDB 
HSO_COI1I1AND. .00110110B 
; 
Set 
HSO 
for 
ti.erl, 
set 
pin 
0.1 
"'" 
C1l 
20AB 
A03B04 
114 
" 
LD 
HSO_TII1E. 
NXT_ON_T 
; 
with 
inttprrup t 
CD 
20AB 
FD 
11:5 
NOP 
20AC 
FD 
116 
NOP 
20AD 
BI2206 
117 
LDB 
HSO_COI1I1AND. .00100010B 
; 
Set 
HSO 
For 
timerl. 
set 
pin 
2 
20BO 
643804 
liB 
ADD 
H50_TII1E. 
NXT_ON_T 
; 
without 
interrupt 
119 
20B3 
91074A 
120 
ORB 
LAST_LOAD 
•• 00000111B 
; 
Last 
loaded 
value 
was 
set 
all 
pins 
20B6 
BIOAOB 
121 
LDB 
INT_I1ASK•• 
00001010B 
; 
Enable 
HSO 
and 
AID 
interrupts 
20B9 
BIOA09 
122 
LDB 
INT _PENDING. 
.00001010B 
; Fake 
an 
AID 
and 
H50 
interrupt 
20BC 
FB 
123 
EI 
124 
20BD 
91010F 
I 
125 
loop: 
ORB 
Portl, 
.OOOOOOOIB 
; 
set 
Pl.0 
20CO 
65010040 
126 
ADD 
COUNT. 
.01 
20C4 
A40042 
127 
ADDC 
COUNT+2, 
zero 
20C7 
71FEOF 
12B 
ANDB 
PortI. 
.11111110B 
i 
clear 
PI. 0 


20CA 
27Fl 
129 
BR 
loop 
130 
131 
.EJECT 


270061-68 


20CC 
20CC F2 
20CO 
91020F 


2000 
48380A46 
2004 
880046 
2007 
OEI9 


2009 
2009 
644838 
200C 
013606 
20DF 
A03804 
20E2 
FO 
20E3 
FO 
20E4 
012206 
20E7 
A03804 


20F5 
442A383A 
20F9011006 
20FC 
A03A04 


20FF 
FO 
2100 
442C383C 
2104 
011106 
2107 
A03C04 


210A 
FO 
2100 
442E383E 
210F 
011206 
2112 
A03E04 


HSO_flXflC 
lot 
PUSHF 
ORO 


SUO 
TMP.TIMERI. 
NXT_ON_T 
CMP 
TMP. ZERO 
JLT 
set_off_tlmes 


NXT 
ON 
T. HSO 
PER 
HSO_COMMANO 
•• 
001101100 
HSO_TIME. 
NXT_ON_T 


set_on_times 
ADD 
LOO 
LO 
NOP 
NOP 
LOO 
LO 


ADD 
NXT _OFF _0. 
NXT _ON_T. 
HSO_ON_O 
LOO 
HSO_COMMAND 
•• 000100000 
S~t 
HSO 
for 
tim~rl. 
cl~ar 
pin 
0 
LD 
HSO_TIME. 
NXT_OFF_O 


NOP 
ADD 
NXT_OFF_I. 
NXT_ON_T. 
HSO_ON 
1 
LOO 
HSO_COMMANO 
•• 000100010 
S~t 
HSO 
for 
tim~rl. 
cl~ar 
pin 
1 
LO 
HSO_TIME. 
NXT_OFF 
1 


NOP 
ADD 
NXT_OFF_2. 
NXT_ON_T. 
HSO_ON_2 
LOO 
HSO_COMMANO 
•• 
000100100 
S~t 
HSO 
for 
tlm~rl. 
cl~ar 
pin 
2 
LO 
HSO_TIME. 
NXT_OFF_2 


2110 
2110 
F2 
211E 
91040F 


2121 
51C0021C 
2125 
000310 
2128 
5444441E 
212C 
ACIEIE 
212F 
C31E301C 


2133 
99401C 
2136 
0107 
2138 
99FFID 
2130 
DF02 
2130 
1710 
~ 
213F 
001DIC 
I\) 
2142 
1110 
-.,j 
2144 
C31E281C 


2148 
1744 
214A 
710344 


2140 
55084402 


2151 
71FOOF 
2154 
F3 
2155 
FO 


2156 


ASSEMOLY 
COMPLETED. 


ATOD_done_int: 


PUSHF 
ORO 
Portl •• 000001000 


ANDO 
lDO 
ADDO 
lDOZE 
ST 


CMPB 
JNH 
CMPO 
JE 
INCB 


no_rnd: 
lOB 
ClRB 
ST 


ANDO 
POPF 
RET 


AL. .AD_RESUlT_lO, 
.11000000B 
load 
low 
order 
result 
AH. 
AD_RESULT_HI 
load 
high 
order 
result 
DL, 
AD 
NUM, 
AD_NUM 
DL= 
AD_NU~ 
-2 
OX, 
Dl 
AX, 
RESUlT_TABlE[DXl 
'Store 
result 
inde,ed 
by 
OX 


Al, 
.010000000 
no_rnd 
j 
Round 
up 
if 
needed 
AH,.OFFH 
; Don't 
increment 
if AH~OFFH 
no_rnd 
AH 


AL, 
AH 
; 
Align 
b~t. 
and 
change 
to 
~ord 
AH 
AX, 
ON_T1MECDXl 


AD_COMMAND. 
AD_NUM, 
.10000 
; Start 
conversion 
on 
channel 
indicated 
b~ 
AD_NUM 
register 
Portl, 
.111110110 
; Clear 
Pl. 2 


SOURCE 
FILE .. F3.SWPORT 
A96 
ODJECT 
FILE. 
F3 SWPORT 
ODJ 
CONTROLS 
SPECIFIED 
IN INVOCATION 
COMMAND: 
NOSB 


LINE 
I 
2 
3 
4 
:5 
6 
7 
=1 
8 
=1 
:56 
:57 
:58 
:59 
60 
61 
62 
63 
64 
6:5 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
80 
81 
82 
83 
84 
85 
86 
87 


0000 


0000 
0001 
0001 


-" 
0002 
~ 
0004 


f\) 
0002 
CD 
0003 
0004 


0006 


0008 


OOOA 


00DC 


0035 
0015 
0018 


This 
module 
provid.s 
a software 
implemented 
as~nchronous 
serlal 
port 
for the 8096. 
HSO.~ 15 used ror 
transmit data 
HSI.2 
is used ~or 
receive 
data. 
Note: 
the 
choice 
of 
HSO. ~ and 
HSI. 
2 
15 
arbitrary>. 


SINCLUDEIDEM096.INCI 
Snoltst 
TII"~ 
!:!.~~:!.n; 
;;.~r 
fu. 
illt ..iulie 
file 
End 
of 
includ. 
file 


Ts;eg 


1051 
s.ve: 
dob 
I 
T"eve st.te: 
d.b 
I 
rxrd~ 
~Clu 
I 
Txoverrun 
~Clu 2 
rip 
~Clu 4 
rev. _buf: 
dob 
I 
rcve_Teg: 
dob 
I 
sample_ time: 
do •• I 


serial 
-out: 
d ••• I 


baud -count: 
do •• 


tJd -tifl'le: 
d ••• 


char: 
d.b 


indicates 
receive 
done 
indicates 
receive 
overflow 
receive 
in progress 
flag 
used 
to double 
buffer 
receive 
data 
used 
to deserialize 
receive 
records 
last receive 
sa.ple 
time 


Holds 
the 
output 
character+framing 
(start 
and 
stop 
bits) 
for 
trans_it 
process. 


Holds 
the period 
of one 
bit 
in units 
of 
Tl 
ticks. 


Transition 
time 
of 
last 
Tad 
bit 
that 
~as 
sent 
to the CAM 
for test 
onl~ 


mark 
com~and 
equ 
space_command 
equ 
sample_co.mand 
equ 


OllOIOlb 
OOlOIOlb 
OOllOOOb 


tlmerl. 
set. 
interrupt 
on 
5 
timer!. 
cIr. interrupt 
on 5 
soft~are 
timer 0 


2080 
FA 
2081 
A1FOOOl8 
208~ 
C9C012 
2088 
EFOOOO 
208B 
B16C08 
208£ 
FB 


0000 
20aF 
Bl000C 
2092 
2092 
ACOC1C 
...•. 
2095 
C81C 
~ 
2097 
EF3000 
I\) 
<0 
209A 
99000C 
2090 
0706 
209F 
OIlC 
20Al 
20Al 
07lC 
20A3 
o7FC 
20A~ 


20A~ 
170C 
20A7 
2OA7 
EF4400 
20M 
98001C 
20A0 
oFE3 
20AF 
EF4COO 
20B2 
BOICOC 
20B~ 
270B 


reset 
IDe: 


The 
8096 
,tarts 
••• cuting 
here 
on 
reset, 
the 
progr.~ 
will 
initiali,. 
the 
the 
software 
•• rial 
port 
and 
Tun 
a si~pl. 
test 
to 
•• c.reil. 
it. 


di 
Id 
push 
c.ll 
ldb 
.i 


.p••OfOh 
.4800 
s.tup_ •• ri.l-port 
int_ ••• k••OlI01100b 


t •• t1: 


A 
si.pl. 
t.st 
of 
the 
s.rial 
~ort 
routines 
While 
no 
characte"s 
ar. 
received 
an 
iner ••• nting 
pattern 
is 
sent 
to 
the 
•• rial 
output. 
When 
a 
charact.r 
1s 
received 
the 
increment in, 
pattern 


j 
"JU.pl" 
to 
the 
character 
"Reeved 
and 
proc •• ds 'rD. 
there. 


CR 
.qu 
OOH 
ldb 
char, 
KR 
t•• tlloop: 


Idbu 
AI, char 
pu.h 
.1 
c.ll 
char -out 


cllpb 
ch.r.KR 
bn. 
nop.u,. 
clr 
.1 
paule: 
inc 
.1 
bn. 
pau •• 
nap.us. 
: 


incb 
char 
t•• t2: 
c.1I 
csts 
cMpb 
.1. 0 
b. 
t.st 11oop 
c.ll 
char 
in 
ldb 
char,al 
br 
t•• t11oop 
.eJect 


,----------------------------------------------------------------",. 
, 
~ 
0000 


0000 


0000 
CC22 
0002 
CC20 
0004 
AI0700lE 
0008 
AI20AIIC 
OOOC 
8C20lC 
OOOF 
COO81C 
0012 
C00600 
0015 
816016 
0018 
3EI5FO 


0018 
44140AOA 
OOIF 
813506 
0022 
AOOA04 
0025 
1102 
0027 
1103 
0029 
1101 
0028 
EF4800 
002E 
E322 
..• 
~ 
Co) 
0030 
0 


0030 
CC22 
0032 
CC20 
0034 
1110121 
0037 
642020 
003A 
003A 
880006 
0030 
07F8 
003F 
COO620 
0042 
E322 


0044 


0044 
OIIC 
0046 
300102 
0049 
071C 
0048 
0048 
FO 


004C 


pop 
pop 
Id 
Id 


dlVU 
st 
st 
Idb 
bbs 


add 
Idb 
Id 
clrb 
clrb 
clrb 
call 
br 


clear 
serial 
out 
Enable 
HSO. 
:; 
and 
Walt 
for 
room 
in 
and 
issue 
a 
MARK 
tad_time, 
timerl,20 
hso_command,.mark_command 
hso_time. 
tXd_time 
Tcve_buf 
j 
clear 
out 
the 
reeetv. 
variables 
rcv~_reg 
rcve_stat. 
tnit_Tee.tv. 
[cll 


C 1 
bl 
d I. 1I0007h 
al.1I0A120h 


iI x, 
b I 
ax, baud_count 
a.serial_out 
iocl,.OllOOOOOb 
1os0.6 
.• 


the 
return 
address 
the 
baud 
rate 
(In 
deCimal) 
dx:ax 
=500,000 
(assumes 
12 Mhz 
cr~st.l) 


Tld 
the 
HSll 
CAI'1 
co..-and. 


pop 
pop 
Idb 
add 
wal t_for 
_Iml t: 


CAlp 
bne 
st 
br 


C 1 
b 1 
(bx+l " 1I0lh 
b I, b. 


serial_out,O 
wait 
for 
llmit 
b •• s;rial_out 
[ell 


the 
return 
address 
the 
character 
for 
output 
add 
the 
start 
and 
stop 
bits 
to 
the 
char 
and 
leave 
as 
16 
bit 


wait 
for 
serial_out=O 
(it 
~ill 
be 
cleared 
b~ 
the 
hso 
Interrupt 
process) 
put 
the 
formatted 
ch.r.c~er 
in 
serial_out 
return 
to 
caller 


clr 
bbc 
inc 
csts_elit: 


ret 


al 
rcve_st.te, 
O. csts __eJit 
ax 


004C 3001FO 
00-4F F2 
OO~O 71FEOI 
00~3 AC021C 
00~6 F3 
00~7 FO 


OO~B 
005B F2 
0059 64080A 
005C 880006 
005F OFOO 
0061 080106 
0064 
0008 
0066 
0066 
011506 
0069 AOOA04 
006C 2006 
006E 
006E 013506 
0071 AOOA04 


0074 
00'11. 
F3 
0075 
FO 


0076 010015 
0079 012003 
007C 
007C 901600 
007F 370000 
0082 D0061C 
0085 A0041C 


181 
182 
183 
184 
185 
186 
187 
188 
189 
190 
191 
192 
193 
194 
195 
196 
197 
198 
199 
200 
201 
202 
203 
204 
20:5 
206 
207 
208 
20~ 
210 
211 
212 
213 
214 
215 
216 
217 
218 
219 
220 
221 
222 
223 
224 
225 
226 
227 
228 
229 
230 


bbc 
pushf 
andb 
ldbllf 
popf 
rift 


; 
wait 
for 
character 
r •• d~ 
rcve_stat.,O.chaT_ln 
set 
op 
• 
critical 
region 
rcv._st.t.,.not(r.rd~) 
al,rcve_buf 


hso 
1ST 
Fields 
the 
hso 
interrupts 
and 
performs 
the 
serialization 
of 
the 
data 
Note' 
t~is 
routine 
would 
be 
incorporated 
Into 
the 
hso 
service 
strateg~ 
for 
an 
actual 
svstem 


(5eg 
pushf 
add 
cmp 
be 
shr 
be 
send_space: 
ldb 
ld 
br 
send_",.rk. 
Idb 
Id 


hSO_1ST _ell it: 


pOjlf 
ret 


tad 
time.b.ud_count 
serial 
out,Q 
1f 
send_mark 
serial 
out ••• 
send_Mark 


hso_command,.space_command 
hso_.time. 
tld_time 
hso_jsr_ •• it 


Inlt 
receive. 


Called 
to 
prepare 
the 
serial 
Input 
process 
to 
find 
the 
leading 
edge 
of 
a start 
bit 


Idb 
Idb 
flush_fifo. 


orb 
bbe 
Idb 
Id 


tost_save. 
iosl 
ios! 
save. 
7. 'lush._'lfo_done 
.1. hSi_status 
al, 
hSl_tlme 
; 
trash 
the 
FIfo 
entry 


0088 
717FOO 
0080 
27EF 
0080 
0080 
BIIOI:; 
0090 
FO 


0091 
0091 
F2 
0092 
e81e 
0094 
00061e 
0097 
A00404 
009A 
341el:; 
0090 
3FI:;FO 
OOAO 
A0081e 
00A3 
0801le 
00A6 
641e04 
00A9 
011806 
OOAe 
e00404 
OOAF 
01001:; 
0082 
00B2 
eele 
0004 
F3 
000:; FO 


00B6 
0006 
F2 


0007 
901600 


OOOA 
71FEOO 


0000 
:;IFeOIOO 
OOCI 
070e 


andb 
br 
fifo 
done 
Idb 
ret 


h 51 
i ST: 


Fields 
interrupts 
from 
the 
HSI 
unit. 
used 
to 
detect 
the 
leading 
edge 
of 
the 
START 
bit 
Not.· 
this 
rout in. 
would 
be 
incorporated 
into 
the 
HSI 
5tr.t.g~ 
of 
an 
actual 
'\lstem_ 


Cleg 
pushf 
push 
Idb 
Id 
bbc 
bbs 
Id 
shr 
add 
Idb 
st 
Idb 
•• it_hsi 
pop 
popf 
ret 


ax 
al, hsi 
status 
sample_time,hsi_time 
al,4,elit_hsi 
ioI0,7,. 
a ••baud_count 
a., .1 
sample_time 
••• 
hso_,om 
•• nd"sample_command 
sample_ti 
••• h50_time 
10cO.'OOOOOOOOb 


wait 
for 
room 
in 
HSO 
holding 
reg 
send 
out 
saMple 
command 
in 
1/2 
bit 
time 


software 
timer 
Isr. 


Fields-the 
software 
timer 
interrupt. 
used 
to 
deserlaliz~ 
the 
Incomming 
data 
Note 
thiS 
routine 
would 
be 
Incorpordted 
into 
the 
software 
tImer 
stategy 
in 
an 
actual 
s~5t.m. 


(5eg 
pushf 
orb 
andb 
andb 
bn. 


josl_5a"e.10s1 
iosl 
5ave,lnot<Olh) 


O.rcve_~tat 
••• Ofch 


process_d.t. 


00C3 
00C3 
350604 
00C6 
2FAE 
00C8 
2032 
OOCA 
OOCA 
910401 
OOCD 
2021 


OOCF 
OOCF 
3FOIOE 
00D2 
180103 
00D5 
350603 
0008 
918003 
OOOB 
OOOB 
751001 
OOOE 
2010 


OOEO 
OOEO 
3506FD 
00E3 
B00302 
00E6 
910101 
00E9 
710301 
OOEC 
2FBB 
OOEE 
200C 


OOFO 
OOFO 
3FI5FD 
00F3 
BIIB06 
00F6 
640B04 
00F9 
C00404 


OOFC 
OOFC 
F3 
OOFD 
FO 


bbc 
call 
bT 
start_ok: 


oTb 
bT 


procesti_dat.: 


bbs 
ShTb 
bbc 
oTb 
datal.TO: 


addb 
bT 


ChRCk_stopbit: 
bbc 
Idb 


OTb 
andb 
c ••11 


bT 


hsi 
status,', 
start 
ok 
init_r~ceivl! 
software_ti~er_e.it 


rcve_state.7,check_stopbit 
",eve_reg •• 1 
hsi_status.',datazero 
rcve_reg 
•• aOh 
set 
the 
ne~ 
data 
bit 


hsi_status.5.$ 
DEBUG 
ONLY 
rcve_bu~,rcve_reg 
rcve_state 
•• rxrdy 
rcvl!_state,.03h 
; 
Clear 
all 
but .ready 
and 
overrun 
bits 
ioit_receive 
software_timeT_exit 


sc h .du 
1e_samp 
Ie: 


bbs 
i050,7,$ 
j 
wait 
for 
holding 
Idb 
hso_command.asample_command 
add 
sample_ti 
•• , baUd_count 
st 
sample_time,hso_time 


software 
timer_exit: 


popf 
Tet 


SOURCE 
FILE .. F3:MOTCON.A96 
ODJECT 
FILE. 
:F3: MOTCor~.ODJ 
CONTROLS 
SPECIFIED 
IN IfNOCATION 
COMI1AND. NOS8 


LINE 
I 
2 
3 
4 
:I 
6 
7 
-. 
::; 
=1 
:16 
:17 
:lB 
:19 
60 
61 
62 
63 
64 
6:1 
66 
67 
68 
69 
70 
71 
72 
73 
74 
7:1 
76 
77 
7B 
79 
BO 
BI 
B2 
B3 
B4 
B:I 


OOIE 


003C 


0069 


..•. 
~ 
CU 
006E 
~ 


OOFA 
OOFA 
OOFF 
OOFF 
OOBO 
0480 
0064 
0010 


0024 


0024 
002B 


.wtl_dl~-p.riQd 
equ 
swt2_dlv-periad 
equ 
~••-paw.r 
equ 
mAl_brake 
equ 
m.xtmum_hald 
equ 
brAke-pnt 
equ 
pOlition-pnt 
equ 
v.lQctt~-pnt 
equ 


2:10 
2:10 
Offh 
Offh 
OBOH 
1200 
100 
16 


_. 


002C 
86 
tmr2_old 
dsl 
I 
I 
I cf 
0030 
87 
position. 
dsl 
I 
0034 
88 
des_pos 
dsl 
I 
0038 
89 
pas_err 
dsl 
003C 
90 
delh_p 
dsl 
0040 
91 
t 1mI!' 
dsl 
0044 
92 
des 
tlme 
d.1 
0048 
93 
t lme_err 
d.1 
94 
95 
SE-.JECT 
96 


004C 
97 
last_time 
4err 
ds••• 
004E 
98 
l~st_pos_err 
ds••• 
0050 
99 
pos_ 
delta 
d'iW 
0052 
100 
time_delta 
ds ••• 
0054 
101 
> 
loJst_~o 
•• 
do;:.; 


'lJV"'O 
102 
I••°tI 
time. 
do••• 
0058 
103 
1.st2_tlme. 
ds••• 
005A 
104 
boost 
do••• 
005C 
105 
tmp I 
do ••• 
005E 
106 
out_p tr 
do••• 
0060 
107 
offset 
do••• 
0062 
108 
nlt_pos 
do••• 
0064 
109 
rpwr 
do••• 
~ 
...•. 


I 


0066 
110 
old 
t2: 
dsw 
1 
~ 
- 
" 
III 
• 
0068 
112 
direct. 
dob 
I 
l=foTward. 
O=reversR 
~ 
c.:> 
,., 


01 
0069 
113 
p',""_d ir: 
d.b 
I 
CD 
006A 
114 
h.1 
00: 
dob 
006B 
115 
last -stat: 
dsb 
006C 
116 
p",mJwr: 
d.b 
0060 
117 
iosl 
b••k: 
d.b 
006E 
118 
TR_COL: 
DSB 
I 
; 
COLLECT 
TRACE 
IF TR_COL=OO 
006F 
119 
main_dllj: 
d.b 
120 
0070 
121 
mal_JHalr: 
d••• 
0072 
122 
max-br k: 
do•• 
0074 
123 
max 
hold: 
d••• 
0076 
124 
vel _pnt: 
d•••• 
0078 
125 
brk.Jlnt: 
d••• 
007A 
126 
pos_pot: 
ds ••• 
007C 
127 
HSOO_dl~: 
d•••• 
007E 
128 
•••• 
tl_dl~: 
d••• 
0080 
129 
•••• 
t2_d I~: 
d••• 
0082 
130 
"'in_hsi: 
d••• 
0084 
131 
mln_h.ll: 
d••• 
0086 
132 
mal -hs i 1: 
d••• 


133 
134 
0100 
135 
d.eg 
at 
100H 


270061-98 


20AO 
71FCOF 
20A3 
019903 
20Ab 
01:H15 


20A9 
A00400 
20AC 
0140 
20AE 
0142 
2000 
0128 
2002 
012A 
2004 
0130 
2006 
0132 
2008 
0154 
20BA 
0134 
20BC 
0136 
20BE 
0144 
20CO 
0146 
20C2 
AOOA56 
20C5 
4900085658 
20CA 
1160 
20CC 
1109 
20CE 
AIFOOl5E 
2002 
AI3C0082 
2006 
A IIE0084 
20DA 
AI690086 
20DE 
AI6E007C 
20E2 
AIFA007E 
20E6 
AIFAOOBO 
20EA 
AIFF0070 
20EE 
AIFF0072 
20F2 
AI800074 
20F6 
AIB00478 
20FA 
AI64007A 
20FE 
AI 100076 
2102 
AI002962 
2106 
B0006C 
2109 
BI0169 


210C 
012008 
210F 
BI3006 
2112 
447COA04 
2116 
FD 
2117 
FO 
211B 
013906 
2110 
447EOA04 


IB6 
IB7 
IBB 
189 
190 
191 
192 
193 
194 
195 
196 
197 
19B 
199 
200 
201 
202 
203 
204 
205 
206 
207 
208 
209 
210 
211 
212 
213 
214 
215 
216 
217 
21B 
219 
220 
221 
222 
223 
224 
225 
226 
227 
228 
229 
230 
231 
232 
233 
234 
235 


1 d 
clr 
clr 
clr 
clr 
clr 
clr 
clr 
clr 
clr 
clr 
clr 
Id 
sub 
clrb 
clrb 
Id 
Id 
Id 
Id 
Id 
Id 
Id 
I d 
Id 
Id 
Id 
Id 
Id 
Id 
Idb 
Idb 


andb 
Idb 
Idb 


Portl •• IIIIII00B 
HSI_mode 
•• l001100lB 
IOCO ••OI0I0IIIB 


cl •• r PI 
0.1 
(set 
mode 
0) 
set 
hsi 
1.3 
-j 
hSl 
0.2'" 
Enable 
all 
hsl 
, T2 
CLOCK=T2CLK. 
T2RST=T2RST 
Clear 
tlmer2 


zero. 
h'il 
tIme 
time 
tlme+2 
timer 
_2 
tlm8r 
_~+~ 
position 
posltion"'2 
last_.pas 
des_pos 
des_pos+2 
des_time 
d.s 
time+2 
lastl_tlme.Tlmerl 
hst2 
time. last! 
time. 'BOOH 
iosl 
bak 
jnt_pend 
109 
out_ptr •• lFOH 
min_hsi.lmin 
hsi 
t 
min_hs11.lmin_hsll 
t 
m •• _hsil,.max_h5il_t 
HSOO_dl~ 
••HSOO_dl~_perlod 
swtl_dl~ •• swtl_dl~-period 
swt2_dl~ •• (swt2_dl~-perlod) 
m•• -pwr,lm.x-power 
m.x_brk 
•• m •• 
brake 
m.x_hold.lmaximum_hold 
brk-pnt •• brake_pnt 
pos-pnt.lposition-pnt 
vel_pntl'v.locit~-pnt 
n,t_pos"pos_table 
pwmJwr, 
zero 
pwm_dir ••Olh 
FORWARD 


int_mask ••00l0ll0lB 
hSD 
command,.30H 
hSD_time, 
t1merl,H500_dl~ 


211F 
FD 


.2120 FD 
2121 
lJ13A06 
2124 
44800A04 


~128 
AOOA40 
2128 
AOOC2C 


212£ 
FlJ 


212F 
E7CE06 


2200 


2200 
2200 F2 


..••. 
2201 901660 
~ 
2204 3:>600:> 
2207 0742 
(,,) 
2209 
71DF60 
CD 
220C 
220C F3 
2200 FO 


2220 


2220 
2220 
F2 
2221 901660 
2224 
2224 
306003 
2227 
71FE6D 


222A 
222A 
316006 


2220 
71F06D 


236 
237 
238 
239 
240 
241 
242 
243 
244 
24:> 
246 
247 
$tlJect 


':48 
,,49 


orb 
chk_tl 
Jbc 
inc 


andb 
tmr _lnt_done 
popf 
r~t 


iosl_bak.1051 
iosl_bak.:), 
tmr 
lnt_done 
timet2 
1051_b~k,"110111118 
, 
clear 
bit 
5 


soft_tmr_int 
pushf 
orb 
Chk_swtO: 


Jbc 
andb 
call 


chk_swtl 


Jbc 
andb 


1os1_bak. 
0, chk 
swtl 
1 os I_b 
a k. _1111111 
OB 
swtO_expired 


2230 
EFC003 
2233 
2233 
326006 
2236 
71FD60 
2239 
EF4401 
223C 
223C 
346003 
223F 
71F760 


2242 
2242 
F3 
2243 FO 


2280 


2280 
'P 
2280 
F2 
~ 
Co) 
2281 
813006 
(0 
2284 
447COA04 


2288 
91200F 
2280 
AOOC28 
22BE 
390FI8 


2291 
2291 
4B66285C 
2295 
8902005C 
2299 
~94C 
2298 
2298 
300F49 
229E 
71FCOF 
22AI 
815515 
22A4 
800068 
22A7 
203E 


22A9 
22A9 
4B2C283C 
22AO 
A02B2C 


22BO 
306BOB 


286 
287 
288 
289 
290 
291 
292 
293 
294 
29:1 
296 
297 
298 
299 
300 
301 
302 
303 
304 
305 
306 
307 
308 
309 
310 
311 
312 
313 
314 
315 
316 
317 
318 
319 
320 
321 
322 
323 
324 
32:1 
326 
327 
328 
329 
330 
331 
332 
333 
334 
33:1 


call 
chk_s",t2: 


Jb c 
andb 
call 
chk_s",t3: 


Jbc 
andb 
call 


Slo&.It 
jot_done: 


popf 
r~t 


iosl 
b.k, 
2. chll_swt3 
iosl_bak •• IIIIIOIID 
i 
Cl~ar 
bit 
2 
swt2_wlpired 


1os1_bak,4,s",t 
lot_done 
iosl_bak •• llIIOIIIB 
i 
Cl~ar 
bit 
3 


stalt3_l'lplTed 


PUSHF 
ldb 
add 


in_model: 


sub 
CfOp 
Jh 
set_modeO: 


Jb c 
.ndb 
ldb 
ldb 
br 


in_mod.2: 


sub 
Id 


portl ••OOIOOOOOB 
TifO.r_2.TII'IER2 
Portl, 
1. in_mode2 


tmpl.Tim.r_2.old_t2 
t••pl •• 2 
.nd_s .•.tO 


Portl,O. 
end 
swtO 
Portl •• IIIIIIOOB 
IOCO ••OIOIOIOIB 
last_stat. 
uro 
.nd_"wtO 


if 
.lre.d~ 
in 
mode 0 
Cl~ar 
PI. O. 
PI. I 
(s"t 
mod" 
01 
.nabl. 
all 
HSI 


2203 
643C30 
2206 
A40032 
2209 
2006 


2200 
683C30 
220E 
A80032 


22C1 
22Cl 
486628:lC 
22C:l 890:l00:lC 
22C9 
021C 


22CO 
22C9 
71FOOF 
;!~CFq!IJ!OF 
2201 
010515 
2204 
A00400 
2207 
48840A56 


2200 
2200 
A00400 
220E 
717F60 
..• 
22El 
'f01660 
~ 
22E4 
3F60F4 


.I>- 
0 
22E7 
22E7 
A02866 
22EA 
710FOF 
22EO 
F3 
22EE 
FO 


2380 
2380 
F2 
2381 
013A06 
2384 
44800A04 


2388 
91040F 
238B 
89FF07:lE 


238F 
0104 
2391 
A1F001:lE 


336 
337 
338 
339 
340 
341 
342 
343 
344 
34:l 
346 
347 
348 
349 
:J:;O 
351 
352 
353 
354 
355 
356 
357 
358 
359 
360 
361 
362 
363 
364 
36:l 
366 
367 
368 
369 
370 
371 
372 
373 
374 
37:l 
376 
377 
378 
379 
380 
381 
382 
383 
384 
38:l 


in_f ••• 
d: add 
addc 
br 


chic_mode: 


sub 
cmp 
Jg t 


s.t_rnodel 
: 


.ndb 
orb 
1db 
I d 
sub 


I d 
andb 
orb 
Jbs 


end 
swtO· 


Id 
andb 
POPF 
r.t 


position. 
d.lt._p 
position+2, 
zero 
chic_mode 


tmpl.Tlm.r_2.old_t2 
tmpl •• :l 
.nd_swtO 


Checlc 
count 
difference 
in 
tmpl 


set 
model 
if 
count 
lS 
too 
lo~ 
count 
<= 
:) 


Portl.a!!!!!!Ol2 
Ciear 
t"'l 
I. 
set 
PI. 
0 
(set 
mode 
1) 
Portl ••OOOOOOOIB 
IOCO ••0000010IB 
.n.bl. 
HSI 
0 
and 
1 
zero. 
HSI_TIME 
la5tl_time. 
T1merl. 
min 
hsil 


; 
set 
up 
50 
(time-last2_time)min_hsil 
on 
ne.t 
HSI 


ZERO. 
HSI_TIME 
losl_b.k ••011111110 
iosl_bak. 
1051 
1051 
bak,7.clr_hsl 


port1 ••00000100B 
s.t 
port 
1.2 


outJtr 
••7ffH 


pul.ing 
outJtr 
•• 1fOH 


•••• 
t2_ •• pir.d: 


pushf 
ldb 
.dd 


3B6 
239' 
3B7 
2395306EOC 
3BB 
3B9 
239B 
C25F32 
390 
2398 
C25F30 
391 
392 
239E 
C25F6B 
393 
23AI 
C25F6C 
394 
39' 
396 
397 


23A4 
39B 
23A4 
4B560A'C 
399 
23AB 
B9001B'C 
400 
23AC 
0104 
"!!H 
402 
23AE 
650010'6 
403 
2382 
404 
2302 
71FOOF 
40' 
238' 
F3 
406 
2386 
FO 
407 
40B 
409 
ep 
410 
~ 
411 
~ 
412 
413 
414 
41' 
416 
2400 
417 
2400 
20CE 
41B 
2402 
20C7 
419 
420 
2404 
F2 
421 
240' 
91400F 
422 
240B 
717F60 
423 
2408 
90166D 
424 
240E 
376DFI 
425 
426 
2411 
427 
2411 
AOOC2B 
42B 
2414 
51"066A 
429 
241B 
A00440 
430 
431 
2418 
3BOFE2 
432 
433 
241E 
434 


241E 
3B6A08 
43' 


swt2_done: 


sub 


ClOp 


add 
swt2_ret: 


andb 
popf 
ret 


tmpl. 
timer!. 
lastt_time 
tmpl. UBOOH 
.w~2_r.~ 
teep 
(Timerl-lastl_time)<2000H 


CSEG 
AT 
2400H 
now_",ode_l: 
br 
nO_lot 
1: 
br 


hsi 
data_int: 


orb 
andb 
orb 
Jbc 


get_v.lu.s: 


Id 
andb 
Id 


pushf 
portl ••010000008 
iosl_bak ••011111118 
iosl_bak. iosl 
iosl_bak.7.no_intl 


timer 
2.TII'1ER2 
hsi_sO.HSI_STATUS 
••010101018 
time. 
HSI_TIME 


_. 


2421 
3A6A2C 
436 
Jbl 
hol -00.2 ••_f.11 


:1 
I c( 
2424 
3C6A40 
437 
JbI 
hol -00.4.b -rise 
2427 
3E6A5A 
438 
Jb. 
hll -.0.6.b -f.ll 
242A 2094 
43~ 
br 
no_cnt 
440 


242C 
A05658 
441 
._rise: 
Id 
1•• t2_t' ••••I•• t!-time 
242F 
A04056 
442 
Id 
I•• t! 
time. 
time 
2432 
685840 
443 
.ub 
time,last2_time 


2435 
888240 
444 
ClOp 
tift"!, mto_hti 
2438 
0~06 
44' 
Jh 
tst_statr 
446 
j set 
,.odel- 


243A 
~IOIOF 
447 
orb 
Portl ••000000018 
S.t 
PI 
0 
(in 
mod. 
I) 
2430 
810515 
448 
Idb 
10CO ••000OOIOIB 
, 
En.bl. 
HSI 
0 .nd 
I 
2440 
.•49 
tst_statr: 


2440 
3E6050 
450 
Jbo 
I.ot _.t.t.6.going_fwd 
2443 
3C6067 
451 
Jb 0 
last_stat. 
4. going_rev 
2446 
3A6050 
452 
Jb. 
last_stat. 
2, change_dir 
244~ 
~80068 
453 
empb 
last_stat. 
zero 
244C 
OF46 
454 
J. 
first_time 
, 
fi rot 
time 
in 
mod eO 
244E 
2702 
455 
br 
no-intI 
456 
2450 
A05658 
457 
._fall : Id 
last2_time.ll1stl 
-time 
2453 
A04056 
458 
Id 
la.t! 
time. 
time 
2456 
685840 
45~ 
.ub 
time.last2_time 
~ 
...• 


I 


245~ 
888240 
460 
time. 
mto_hsi 
~ 
Clop 
'V 
245C 
0~06 
461 
Jh 
tot_.tatf 
I 
~ 
462 
; SE't 
model- 
N 
I\) 


". 
245E 
91010F 
463 
orb 
Portl ••OOOOOOOIO 
Sot 
PI 
0 
(In 
mode 
I) 
OCI 
2461 
010515 
464 
Idb 
10CO ••00000IOIO 
Enablo 
HSI 
0 
and 
I 
465 
.EJECT 
2464 
466 
tst -statf 
2464 
3C6037 
467 
Jbs 
last_stat. 
4. gOing 
_fwd 
2467 
3E6043 
468 
Jb. 
last 
_stat,b, 
gOing_rev 
246A 
38602C 
46~ 
Jbs 
last 
_stat. 
0. change 
__dlT 
2460 
980068 
470 
cmpb 
last 
stat. 
zero 
2470 
OF22 
471 
JO 
first_time 
, 
first 
time 
In 
modeO 
2472 
2057 
472 
br 
no-int 
473 
2474 
386927 
474 
b-rise. 
Jb0 
last_stat. 
O. g0109_ 
fwd 
2477 
3A6033 
475 
Jbs 
last _stat,2, 
gOing_rev 


247A 
3E60lC 
476 
Jb s 
last_stat.6,change_d.ir 


2470 
~80068 
477 
empb 
Jast_stat. 
zero 


2480 
OFI2 
478 
J. 
first 
-tim. 
fir.t 
tim. 
in 
mod.O 


2482 
2041 
479 
br 
no-,nt 
480 
2484 
3A6017 
481 
b_ fall: 
Jb. 
la§t_stat,2,going_fwd 
2487 
386023 
482 
Jb. 
last_stat~O. 
going_rev 
248A 
3C600C 
483 
Jb. 
last_stat,4. 
chang._dir 
2480 
980068 
484 
empb 
last_stat,lero 
2490 
OF02 
485 
JO 
fir.t -tim. 
, 
fir.t 
tim. 
in 
mod.O 
270061-A5 


2494 
2494 
C46B6A 
2497 
2072 


2499 
2499 
1268 
249B 
30680F 


249E 
249E 
'114010 
24AI 
B 10168 
;::••i\•• o50ivv30 
24A8 
A40032 
24AB 
2000 
24AO 
24AO 
71BFIO 
24BO 
010068 
24B3 
69010030 
24B7 
A80032 


24BA 
240A 
C46B6A 
2490 
2480 
A0282C 
24CO 
717F60 
24C3 
901660 
24C6 
376002 
24C9 
2746 


24CB 
710FOF 
24CE 
F3 
24CF 
FO 


2400 
51506A5C 
2404 
07EA 
2406 


r=~:t:~~.~O! 
pos1tion+2.I_ro 
.t_.tat 


PORT2 •• 1011111IB 
dlr.ct ••00 
position,.OI 
pos1 t1on+2. 
I.ro 


tmr2_old. 
tlmRr_2 
lo.l_bak ••0111111IB 
iosl_balc.10s1 
1051 
bale.7.no_int 
get_values 


first_time. 


.tb 
br 


changR_dir: 


notb 
nO_ine: 
Jbe 


going_fwd: 


orb 
Idb 


.ddc 
br 
going_rRv: 


andb 
Idb 
.ub 
tube 


.tb 
load_Ia.to: 


ld 
no_cnt: 
.ndb 
orb 
Jbc 
.gain. 
br 


no 
int: 
.ndb 
popf 
rRt 


andb 
JnR 
cmp_tlme: 


24E3 
0914 


24E5 
24E5 
91020F 
24E8 
BIOOl5 
24EB 
A00400 
24EE 
717F6D 
24FI 
90166D 
24F4 
3F6DF4 
24F7 
2012 


24F9 
24F9 
4858405C 
24FD 
88865C 


2500 
0109 


2502 
2502 
71FCOF 
2505 
BI5515 
2508 
BOO06B 


250B 
250B 
482C283C 
<p 
250F 
306808 
~ 
2512 


.I>- 
2512 
643C30 
.I>- 


2515 
A40032 
2518 
27A3 
251A 
251A 
683C30 
251D 
A80032 
2520 
279B 


2600 


2600 


2600 
F2 
2601 
91800F 


2604 
BIOD08 


2607 
BI3906 
260A 
447EOA04 


s@t_mod 
__ 2: 


orb 
Idb 
mt_hsi: 
Id 
andb 
orb 
Jb s 
br 


chec k_m.l_t 
itAe 
sub 
cmp 


Portl ••OOOOOOIOB 
10CO ••00000000B 
zero.hsi_time 
iosl_bak ••OIIIIIIIB 
ios1_bare, 
ios1 
iosl_bak,7,mt_hsi 
done_chk 


set_made_O: 
andb 
Idb 
Idb 


done_ch 
Ie; 
sub 
Jb c 


Portl •• IIIIIIOOB 
10CO ••OIOIOIOIB 
last_stat. 
zero 


add 
position, 
deltaJ 
addc 
position+2. 
zero 
br 
load 
lasts 


sub 
position,delta_p 
subc 
position+2. 
zero 
br 
load_lasts 


Set 
PI 
1 
(in 
mode 
2) 
Disable 
all 
HSI 
empty 
the 
hsi 
fifo 
; 
clear 
bit 
7 


260E 
A0464A 
2611 
A0363A 
2614 
48404448 
2618 
A8424A 
2610 
48303438 
261F 
A8323A 


2631 
2631 
88003A 
2634 
0600 


2636 
2636 
0338 
2638 
010069 
263B 
89FFFF3A 
263F 
070A 
2641 
2000 


2643 
2643 
B10169 
2646 
88003A 
2649 
OF05 


2650 
2650 
887A38 
2653 
011E 
265:; 887838 


1d 
1d 
sub 
sube 
sub 
sube 


time 
err+2,de, 
tim.+2 
Calculate 
time. 
position 
errOT 
pos_err+2Id.s_pos+2 
tim._err,des_tim 
•. time 
; v.lue, 
are 
set 
ti •• _err+2, 
time+2 
pOI_err.de'-P05,position 
pos_err+2,position+2 


go_b.' 
kw.rd: 


n.g 
ldb 
'lOp 
In. 
br 


go_'or",.rd: 


ldb 
,mp 


Je 


pos_delt., 
1.s~-pos_.rr,po5_.rr 
last-pos_err,pos_err 


Ti •• _.rr 
z 
D.sired 
time 
to 
'inish 
- 
current 
ti •• 
Pos_err 
~ 
Desired 
position 
to 
finish 
- 
current 
pOSItIon 
Pos_delta 
~ 
Last 
position 
error 
- 
Curent 
pOSition 
error 
Time 
delt •• 
Last 
time 
error 
- 
Current 
time 
error 
note 
th.t 
errOTS 
should 
get 
smaller 
so 
deltas 
will 
be 
positive 
for 
forward 
motion 
(time 
is 
.lwa~5 
forward) 


pos_err 
Pas_err 
= 
ASS 
VAL 
(pos_err) 
pw,"_d1r 
•• 00h 
pos_err+2,.OffffH 


Id_lftal 
'hk_brk 


pwm_d1r •• 01H 
pos_el"T'+2. 
1.1"'0 
'hk_brk 


pos_e1"'r. 
pos_pnt 
holdJosition 
pos_err. 
brk_pnt 


265A 
265A 880050 
2650 
0602 
265F 0350 
2661 
2661 887650 
2664 
0100 


2666 00726C 
2669 
806824 
266C 
1224 
266E 002469 


2673 
2673 
89020038 
2677 
0906 
2679 
0126 
26713 015A 
2670 201F 


267F 
267F 
50FF7424 
2683 
6C3824 
2686 880050 
2689 
0709 
26813650400~A 
268F 645A26 
2692 
2002 
2694 015A 
2696 887426 
2699 
0103 
26913 A07426 
269E 
130266C 


26A3 
26A3 
806C64 
26A6 
1264 


26A8 
38690A 


634 
635 
636 
637 
638 
639 
640 
641 
642 
643 
644 
645 
646 
647 
648 
649 
650 
651 
652 
653 
6S4 
6S5 
656 
657 
658 
659 
660 
661 
662 
663 
664 
665 
666 
667 
668 
669 
670 
671 
672 
673 
674 
675 
676 
677 
678 
679 
680 
681 
682 
683 


cmp 
HO 
nog 


chk_delta. 


cmp 
Jnh 


Idb 
Idb 
notb 
Idb 


Hold_posItion: 


cmp 
Jh 
clr 
clr 


I3R 


calc_out: 


mulub 
mulu 
cmp 
Jno 
.dd 
add 
br 
no_bst. 
clr 
clc_mall 
cmp 
Jnh 


malltpd 
ld 
output. 
Idb 


Idb 
notb 
Jbs 


pos_dt!'lta. 
zero 
chk_dolta 
pas_de 
1 ta 


pU,lmJwr. 
milx_brlc 


tmp.d1rect 
tmp 
~H"m_di r. 
tlft~ 


pos_err 
.• 
02 
calc 
out 
tmp+2 
boost 
output 


tmp.m.,_hold ••255 
tmp,pos_t!'rr 
pos_d.l 
ta, 
zero 
no 
bst 
boost 
.• 04 
tmp+2.boost 
ell_mall 
boost 
tmp+2.milll_hold 
output 
tmp+2.mall_hold 
pwm_pwr. 
tmp+2 


rpwr. pwm_pwT 
rpwr 
pwm_dlr.O. 
p2fwd 


26AB 
FA 
26AC 
717FIO 
26AF 
806417 
2602 
FO 
2603 
2008 
260' 
FA 
2606 
918010 
2609 
B06417 
260C 
FO 


26BO 
26BO 
88004A 
26CO 
022' 


26C2 
89202962 
26C6 
OE06 
26C8 
AI002962 
26CC 
0142 
26CE 


26CE 
A26334 
2601 
A26336 
2604 
A26346 
~ 
2607 
A26370 
260A 
A07072 


.I>- 
2600 
646034 
...., 
26EO 
A40036 
26E3 
4830344E 


26E7 
717FOF 


26EA 
F3 
26EO 
FO 


2800 
2800 
901660 


2803 
366009 
2806 
710F60 
2809 
95100F 
280C 
EFF'FB 


p2bkwd. 
01 
andb 
Idb 
EI 
br 
p2fwd: 
01 
orb 
ldb 
EI 


ClOp 
Jgt 


; 
j 
; 
br 


cmp 
Jlt 
ld 
clr 
get_veil 
: 


ld 
ld 
ld 
ld 
ld 


·add 
eddc 
sub 


ttme_err+2. 
zero 
; 
do p05_t.ble 
when 
.1'1' i5 
neg.tive 
endJ 
endJ 


nlt_pos •• (32+poo_tablel 
get_veil 
i 
JUIOP if 
lower 
nltJos 
••pos_table 
ti••e+2 


d.s-pos,(nlt-pos]+ 
d.sJos+2,[nxt-pos)+ 
d.s_ti •• +2, [nlt-pos)+ 
m.l-pwr,[nlt-posl+ 
"'.I_brk 
•••• 
J"''' 
d •• JoSt offs.t 
desJos+2,I.ro 
lastJos_err,desJos,posltion 


MAIN_PROG: 


orb 
Jb c 
andb 
.orb 
call 


iosl_bak. 
iool 
iosl_bak,6,control 
i0s I_b a k,.101 11111 B 
Portl ••OOOIOOOOB 
HSI_OATA_INT 


cle.r 
iosl_bak 
6 
COlOpl Bit 
PI. 4 
prevent 
lockup 


inter 
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INTEL CORPORATION 


inter 


THE MCS®-96 
ANAliOG 
ACQUISITION 
PRIMER 


As 
technology 
advances, 
embedded 
control 
applica- 
tions continue 
to reduce chip-count 
and demand 
micro- 
controllers 
with increased 
featLires to assist system-cost 
reduction. 
Since every embedded 
control 
application 
in- 
terfaces 
with the physical 
world, and the physical 
world 
is an analog 
process, 
it was inevitable 
that 
microcon- 
trollers 
would 
include 
integrated 
analog 
acquisition 
ca- 
pabilities. 


The first such 
integration 
of standard 
microcontroller 
and AID converter 
occurred 
on Intel's 
8022 in 1978. 
This opened 
the door to cost reduction 
of high volume 
applications 
that required 
analog 
inputs. 
The device fit 
well into applications 
that needed 
processing 
of analog 
data. 
But this chip, with its 8-bit CPU, 
could 
not per- 
form in high-end 
applications 
requiring 
analog 
inputs, 
or in applications 
that had computationally 
demanding 
analog 
tasks. 


With the introduction 
of the MCS®-96 
family of 16-bit 
microcontrollers 
in 1982, the combined 
CPU and AID 
performance 
became available 
to greatly 
reduce the sys- 
tem cost of mid- and high-performance 
embedded 
con- 
trol 
applications. 
These 
are 
applications 
which 
were 
customarily 
implemented 
with 
16-bit 
microprocessor 
chip-sets 
teamed 
with analog 
acquisition 
chip sets. 


There 
are less obvious 
avenues 
for system 
cost reduc- 
tion when a 16-bit CPU is teamed 
with an on-chip 
ana- 
log acquisition 
system. 
For example, 
closed-loop 
servo 
control 
had 
been 
implemented 
almost 
exclusively 
by 
using analog 
methods. 
When 
an MCS-96 
device is de- 
signed into such an application, 
it is not only replacing 
a microcontroller 
or 
microprocessor, 
but 
it also 
re- 
places 
closed-loop 
analog 
circuitry 
which 
never before 
came in contact 
with the digital 
~;ystem. 


To take full advantage 
of this new level of integration, 
digital 
designers 
must become 
familiar 
with analog 
ac- 
quisition, 
and 
analog 
designers 
must 
become 
familiar 


with digital 
methods 
of processing 
analog 
signals. 
This 
Application 
Note 
assists 
with 
the 
first 
task-under- 
standing 
of an analog 
acquisition 
system. 


Designers 
experienced 
with 
analog 
design, 
or analog 
acquisition 
systems, 
may find no revelations 
herein. 
To 
those 
unfamiliar 
with 
analog 
acquisition 
systems, 
this 
Ap 
Note 
provides 
a tutorial 
on the 
subject 
and 
will 
serve as a handy 
reference. 


Answering 
the limitless 
number 
of analog circuit 
design 
questions 
is beyond 
the scope of this Ap Note. Suffice it 
to say that 
the effort 
placed 
on the 
design 
of analog 
circuits 
should 
increase 
with a decreasing 
error budget. 


At a minimum, 
the applications 
literature 
of op-amp 
manufacturers 
and analog 
design 
manuals 
are a good 
place to start. 
Furthermore, 
the applications 
literature 
of monolithic 
analog 
acquisition 
system 
manufacturers 
should 
be consulted 
since 
the 
suggestions 
presented 
therein 
are largely 
transportable 
to any AID system. 


This 
Ap 
Note 
is organized 
in the 
following 
sections. 
The 
components 
of an analog 
acquisition 
system 
and 
the errors 
associated 
with each is first explained. 
Then, 
interfacing 
suggestions 
and ideas for getting 
more reso- 
lution 
are 
presented. 
Finally, 
a 
set 
of 
appendices 
provides 
back-up 
information, 
a bibliography, 
actual 
converter 
data 
and some program 
listings. 


The 
definitions 
of terms 
used, 
and 
the examples 
pre- 
sented, 
are drawn 
from the body of applications 
litera- 
ture publicly 
available 
on the components 
of an analog 
acquisition 
system. 
There 
is usually 
no single meaning 
for a particular 
term 
or specification 
used 
to describe 
analog 
acquisition. 
However, 
there 
is, in most cases, a 
generally 
accepted 
definition 
which 
is most often used. 


To the extent 
possible, 
we have adopted 
the most used 
definition. 
To avoid 
any ambiguity, 
Appendix 
A lists 
the dictionary 
of terms 
as used to refer to the analog 
acquisition 
systems 
of MCS-96 
devices. 


For any users of an MCS-96 
analog 
acquisition 
system 
(experienced 
or not), this document 
contains 
very use- 
ful 
information. 
It 
should 
be considered 
mandatory 
reading 
in addition 
to the latest 
Embedded 
Controller 
Handbook 
and MCS-96 
data sheet for the actual 
device 
in use prior to the actual 
design. 
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WHAT 
IS AN ANALOG 
JI.CQUISITION 
SYSTEM? 


An analog acquisition 
system is a collection of individu- 
al units which, when logically configured, 
form a sys- 
tem capable 
of converting 
an analog input to a digital 
value. 


The typical components 
of an Analog Acquisition 
Unit 
(Figure 
I) 
include 
an 
Analog-to-Digital 
Converter 
(A/D), 
a Sample-and-Hold 
(S/H) 
and an Analog Mul- 
tiplexer (MUX). 
The A/D 
converts 
the infinitely vary- 
ing analog 
voltage 
present 
on the S/H 
into a digital 
representation 
for use by the digital system. The S/H is 
required 
so a "snapshot" 
of a changing 
analog 
input 
can be stored for conversion 
by the A/D. 
The MUX is 
used to leverage the investment 
in the A/D 
by allowing 
a large number 
of isolated analog input channels to use 
the same converter. 


The conversion 
result of an MCS-96 device is a lO-bit 
ratiometric 
representation 
of the input 
voltage. 
This 
produces 
a stair-stepped 
transfer 
function 
when 
the 
output 
code 
is 
plotted 
versus 
input 
voltage. 
See 
Figure 2. 


The resulting digital codes can be taken as simple ratio- 
metric information, 
or they can be used to provide in- 
formation 
about 
absolute 
voltages 
or relative 
voltage 
changes on the inputs. The more demanding 
the appli- 
cation is on the A/D 
converter, 
the more important 
it 
is to fully understand 
the converter's 
operation. 
For 
simple applications, 
knowing 
the absolute 
error of the 
converter 
is sufficient. 
However, 
controlling 
a closed 
loop with analog 
inputs 
necessitate:; 
a detailed 
under- 
standing 
of an A/D 
converter's 
operation 
and errors. 


The errors 
inherent 
in an analog-to-digital 
conversion 
process 
are many: 
quantizing 
error; 
zero offset; full- 


scale error; differential 
non-linearity; 
and non-linearity. 


These are "transfer 
function" 
errors related to the A/D 
converter. 
In addition, 
the S/H and MUX may induce 
channel 
dissimilarities 
and 
sampling 
error 
(described 
later). 


Fortunately, 
one 
"Absolute 
Error" 
specification 
is 
available which describes the sum total of all deviations 
between the actual conversion 
process and an ideal con- 
verter. The various sub-components 
of error are, how- 
ever, important 
in many applications. 
These error com- 
ponents 
are described 
in Appendix 
A and in the text 
below where ideal and actual converters 
are compared. 


There 
are at least three 
well-recognized 
methods 
for 
converting 
an analog voltage to a digital value-flash, 
dual slope and successive approximation. 


Flash 
AIDs 
are the fastest, 
and most expensive 
con- 
verters for a given accuracy. 
Flash converters 
typically 
resolve bits of the result in parallel to achieve fast con- 
versions. 
Flash converter 
speeds are measured 
in tens- 
of-nanoseconds. 


Dual slope converters 
are the slowest, but most accu- 
rate. Dual slope conversion 
is rather insensitive to noise 
on the 
input, 
but 
conversion 
times 
are measured 
in 
milliseconds. 


Successive 
approximation 
converters 
provide 
a bal- 
anced tradeoff between speed and accuracy. 
Successive 
approximation 
conversion 
times are measured 
in tens- 
of-microseconds, 
and 
converter 
implementations 
are 
very economical 
for a given accuracy. 


• 
• • 
• • 


ANALOG 
TO 
DIGITAL 
CONVERTER 


fiRST 
CODE 
TRANSITION 
OCCURS 
WHEN 
THE: APPLIED 
VOLTAGE 
IS 


EQUAL 
TO 
1/2 
LSB. 


FINAL 
CODE 
TRANSITION 
OCCURS 
WHEN 
THE 
APPLIED 
VOLTAGE 
IS 


EQUAL 
TO (Vref 
- 
1 1/2 
(LSB)). 


THE 
VOLTAGE 
CHANGE 
BETWEEN 
ADJACENT 
CODE 
TRANSITIONS 
(THE 
"CODE 
WIDTH") 
IS = 1 LSB. 


MCS-96 
converters 
use 
successive 
approximation. 
A 
successive 
approximation 
conversion 
is performed 
by 
comparing 
a sequence 
of reference 
'Voltages to the ana- 
log input 
in a binary 
search 
for th e reference 
voltage 
that 
most 
closely 
matches 
the input. 
The '12 full-scale 
reference 
voltages 
is the tested 
first. 
This 
corresponds 
to a IO-bit result 
where the most significant 
bit is zero, 
and all other 
bits are ones (0 III 
llll 
II b). If the ana- 
log input is less than the test voltage, bit 10 of the result 
is left a zero, 
and 
a new test 
voltage 
of '/. 
full-scale 
(00 II 
llll 
II b) is tried. 
If this 
test 
voltage 
is lower 
than the analog 
input, 
bit 9 of the rc:sult is set and bit 8 
is cleared 
for the next test (0101 IIII 
II b). This binary 
search 
continues 
until 
10 tests have occurred, 
at which 
time the valid IO-bit conversion 
result resides in a regis- 
ter where 
it can be read by software. 


The voltages 
used during 
the binary 
search 
are generat- 
ed from 
an internal 
Digital-to-Analog 
Converter 
simi- 


lar to Figure 
3. The figure 
shows 
eight 
resistors 
being 
used as a three-bit 
D to A. The first resistor 
tap is taken 
from the center 
of the first resistor 
to guarantee 
that a 


zero input voltage will always output 
a zero code. Each 
successive 
tap 
then 
provides 
a 
reference 
voltage 
VREF/8 
(one 
LSB) 
from 
the previous 
tap. 
When 
the 
analog input is above the voltage of the seventh 
tap, the 


A/D 
will resolve 
to its full-scale 
value of III b. There- 
fore, an eighth tap is not needed, 
and the A/D's 
II0b 
to 


Illb 
code 
transition 
will occur 
when 
V ANIN 
equals 


V REF 
- 
I '/2 LSB. 


The first error 
seen in this process 
is unavoidable, 
and 
results 
from the conversion 
of a continuous 
voltage 
to 


Rf 


OCI 


ANGND 


, 
.01 
, 


to. 
ASO 


an integer digital representation. This error is called 
quantizing error, and is always ±0.5 LSB. Quantizing 
error is the only error seen in a perfect AID converter, 
and is obviously present in actual converters. Figure 2 
shows the transfer function for an ideal 3-bit AID con- 
verter (i.e. the Ideal Characteristic). 


Note that in Figure 2 the Ideal Chara;teristic possesses 
unique qualities: it's first code transition occurs when 
the input voltage is 0.5 LSB; it's full-scale code tran- 
sition occurs when the input voltage: equals the full- 
scale reference minus 1.5 LSB; and it's code widths are 
all exactly one LSB. These qualities result in a digitiza- 
tion without offset, full-scale or linearity errors. In oth- 
er words, a perfect conversion. 


Figure 4 shows an Actual Characteristic of a hypotheti- 
cal 3-bit converter which is not perfect. When the Ideal 
Characteristic is overlaid with the imperfect character- 
istic, the actual converter is seen to exhibit errors in the 
location of the first and final code transitions and code 
widths. The deviation of the first code transition from 
ideal is called "zero offset". The deviation of the final 
code transition from ideal is "full-scale error". 


The deviation of the code widths from ideal causes two 
types of errors. Differential Non-Linearity and Non- 
Linearity. Differential Non- Linearity is a locallineari- 
ty error measure, whereas Non-Linearity is an overall 
linearity error measure. For example, Figure 5a shows 
a transfer function with a large differential non-lineari- 
ty and a little non-linearity. 
In contrast, 
Figure 5b 
shows a characteristic with small differential errors but 
a large overall linearity error. 


Differential Non-Linearity is the degree to which actual 
code widths differ from the ideal width. Differential 
Non-Linearity gives the user a measure of how much 
the input voltage may have changed in order to pro- 
duce a one count change in the conversion result. 


If the absolute value of an input voltage is less impor- 
tant than the amount that the input changes, the differ- 
ential non-linearity (DNL) specification of a converter 
is very important. For example, if the differential non- 
linearity of a converter is less than ± 0.5 LSB, a one 
count change in the digital result means that the input 
voltage changed at most 1.5 LSB (1 LSB ideal ± 0.5 
LSB DNL). This is a much more accurate description 
of the input voltage change than would be available if 
the differential non-linearity of the converter was not 
known. 
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Non-Linearity 
is the worst case deviation 
of code tran- 
sitions 
from 
the corresponding 
code transitions 
of the 
Ideal 
Characteristic. 
Non- 
Linearity 
describes 
how 
much 
Differential 
Non-Linearities 
could 
add 
to pro- 
duce an overall maximum 
departure 
from a linear char- 
acteristic. 


If 
the 
Differential 
Non-Linearity 
errors 
are 
large 


enough, 
it is possible 
for an AlD converter 
to miss 


codes or exhibit 
non-monotonicity. 
Neither 
behavior 
is 


desirable 
in a closed-loop 
system. 
A converter 
has no 
missed 
codes 
if there 
exists 
for 
each 
output 
code 
a 


unique 
input 
voltage 
range 
tha1 
produces 
that 
code 


only. 
A converter 
is monotonic 
if every 
subsequent 


code change 
represents 
an input 
voltage 
change 
in the 


same 
direction. 
Figure 
6a 
shows 
a 
converter 
with 
missed 
codes. 
Figure 
6b shows 
a non-monotonic 
con- 


verter. 


Differential 
Non-Linearity 
and 
Non-Linearity 
are 
quantified 
by measuring 
the Terminal 
Based 
Linearity 
Errors. 
A Terminal 
Based 
Characteristic 
results 
when 


an Actual 
Characteristic 
is shifted 
and scaled to elimi- 


nate zero offset and full-scale 
error 
(see Figure 
7). The 
Terminal 
Based 
Characteristic 
is similar 
to the Actual 


Characteristic 
that would be seen if zero offset and full- 


scale error 
were externally 
trimmed 
away. 
In practice, 


this is done by using input 
circuits 
which 
include 
gain 


and offset trimming. 
(See the Application 
Hints 
section 


for more details.) 


(a) 
VIN 
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An often overlooked 
characteristic 
of AID converters 


is that 
code 
transitions 
do not 
really 
occur 
instanta- 


neously 
at some 
finite 
set of input 
voltages. 
Specific 


code transitions 
can be analyzed 
by doing repeated 
con- 


versions 
around 
the transition 
point using a high accu- 


racy 
input 
voltage. 
When 
this 
is done, 
we fmd 
that 


there 
is actually 
a range 
of voltages 
around 
code tran- 


sitions where both the lower and upper 
codes occur for 


repeated 
conversions 
on the same input 
voltage. 


Figure 
8 shows this "repeatability" 
error. 
At the lower 


end of the region of repeatability 
error the lower code is 


most prevalent, 
but the upper code will occur in a small 


percentage 
of the 
conversion 
attempts. 
As 
the 
input 


voltage increases 
slightly, 
a point is reached 
where both 


lower and upper codes occur with 50 percent 
probabili- 


ty. As the input 
voltage 
moves slightly 
higher, 
the up- 


per code occurs 
most often with the lower code show- 


ing up in a small percentage 
of conversions. 


The repeatability 
error is due to the fundamental 
ability 


of the comparator 
in the AID to resolve 
very similar 
voltages. 
Random 
noise also contributes 
to repeatabili- 


ty errors. 
On MCS-96 
devices, 
the width 
of the region 


of repeatability 
error 
has been found 
to be typically 
1 


mV to 1.25 mY. Since this error 
is specified, 
all other 


errors 
are specified 
assuming 
the code transitions 
occur 


at the voltage 
where 
adjacent 
codes are equally 
likely. 


REPEATABILITY 
ERROR-Jinri-t'"-_--JIlU 


Q = 0 l.-JiIIL. 
_ 


iLSB 
liLSB 
2iLSB 


The eight channel 
multiplexer 
is implemented 
as a col- 


lection of eight MOS switches. 
Only one of eight can be 
closed at any instant 
in time. Figure 
I shows the multi- 


plexer with the switches 
acting as resistors 
when closed 


and as small parasitic 
capacitors 
when open. The input 


protection 
devices 
on the 
analog 
input 
pins 
are 
also 
considered 
a part of the multiplexer. 


The resistance of a closed switch is typically IK to 2K 
ohms and the D.C. leakage due to ':he input protection 
is typically 3 microamps maximum. Both values de- 
pend upon the process used and day-to-day fabrication 
variations. The channel resistance and the D.C. leakage 
can also vary from channel-to-channel on the same de- 
vice. These variations can be seen in the conversion 
process and are described by the ehannel- to-channel 
matching specification. 


Channel-to-channel matching specifies the input volt- 
age differences induced by mismatched elements of the 
multiplexer. This error is quantified by measuring the 
difference between the input voltages necessary to c,ause 
the same code transition to occur through different 
multiplexer channels under identic~J test conditions. 


Matching errors are more complex than a simple volt- 
age offset between channels, and thus are difficult to 


externally 
cancel. Fortunately, 
multiplexer 
channels 


typically match to within one millivolt. 


A multiplexer that has the potential to short two inputs 
together is not very attractive. To keep this from hap- 
pening, the circuitry that selects the active channel is 
designed to guarantee that all channels are deselected 
before a new channel is selected. Thus, the multiplexer 
is said to be Break-Before-Make. 


In addition to Break-Before-Make channel selection, an 
analog multiplexer must be able to keep deselected 
channels isolated from the selected channel. As shown 
in Figure I, there are parasitic capacitances coupling 
every deselected channel to the multiplexer output. The 
quantification of coupling is called Off-Isolation. Off- 
isolation is the multiplexer's ability to attenuate signals 
on deselected channels. 
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The sample-and-hold of an analog acquisition system 
can be built using an analog switch and a sample capac- 
itor. As with the multiplexer, there is also a parasitic 
capacitance coupling the switch input to the sample 
capacitor when the switch is open (Figure I). 


The resistance of the sample-and-hold switch combines 
with the series resistance of the multiplexer to impede 
the current necessary to charge the sample capacitor. 
For example, with a 5K ohm total input resistance 
from the pin to the 2 pf sample capacitor, the RC time 
constant is 10 nS (2 pf X 5K ohms). 


During the one microsecond that the ;ample capacitor 
is connected to the input, 100 time constants elapse 
(I microsecond/1O nS). This means that the sample ca- 
pacitor is 100 percent of the voltage on the input pin 
(I-e -1(0), assuming a zero source imp ~dance. 


If a source impedance of 2K ohms is assumed, the RC 
time constant of the sampling proces; would be 14nS 
(7K ohms X 2 pt). Thus, 71.4 time constants would 
pass in one microsecond resulting in the sample capaci- 
tor being charged to within 99.9 percent of its final 
value. Source impedances above 2K ohms would begin 
to degrade the conversion accuracy due to D.C. leakage 
(described later). 


Figure 9 shows the actual input voltage and the sam- 
pled voltage approaching the input voltage. Once the 
sample-and-hold switch closes, the sample window be- 
gins. The sample window extends fOI four state times 
and ends with the sample-and-hold switch opening on 
MCS-96 devices (except 8X9X-90, which is 8 state 
times and has no sample-hold). Figure 9 also shows the 
sample delay, which is the delay from the time a start 
conversion signal is generated to the time a conversion 
process begins. 


It is important to understand the uncertainties associat- 
ed with the timing of the sample-and-hold. Digital sig- 
nal processing algorithms rely upon the "spectral puri- 
ty" of the sampling process. If the sample window 
jumps around with respect to the start conversion sig- 
nal, or if the start conversion signal cannot be generat- 
ed at precise times, consecutive samples of input data 
will not be equally spaced in time (i.e. sampling will be 
spectrally impure). 
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To improve the spectral purity of the sampling in digi- 
tal signal processing applications, sequential MCS-96 
start conversion signals can be generated with less than 
50 nanoseconds of jitter using the HSO unit. The sam- 
ple delay and sample time are also a constant number 
of state times to within 50 nanoseconds each. 


Once the sample window closes, it is desired that all 
further changes on any input channel be isolated from 
the sample capacitor. The multiplexer's ofT-isolationis 
responsible for isolating deselected channels, while the 
sample-and-hold switch must attenuate changes on the 
selected channel. This source of error is described as 
Feedthrough. Feedthrough is quantified as the ability 
of the sample-and-hold to reject unwanted signals on its 
input. 


Other factors that afTecta real AID Converter system 
include sensitivity to temperature. Temperature sensi- 
tivities are described by the change in typical specifica- 
tions with a change in temperature. 


The MCS-96 Analog Acquisition System includes an 
eight channel analog multiplexer, sample-and-hold cir- 
cuit and lO-bit analog to digital converter (Figure 10). 
An MCS-96 device can therefore select one of eight 
analog inputs, sample-and-hold the input voltage and 
convert the voltage into a digital value. Each conver- 
sion takes 22 microseconds (8097BH), including the 
time required for the sample-hold (with XTALI 
= 12 


MHz). The method of conversion is successive approxi- 
mation. 


VREF 
T 


SAMPLE 
AND 
HOLD 


8 TO 1 
ANALOG 
MULTIPLEXER 


NOTE: 
1. Sample 
and hold not on 8X9X-90 
devices. 


The conversion 
process 
is initiated 
by the execution 
of 
HSO 
command 
OFH, 
or by Writlfig a one to the GO 
Bit in the AID Control 
Register. 
:Either activity 
causes 


a start conversion 
signal to be sent to AID control 
log- 


ic. If an HSO command 
was used, the conversion 
pro- 


cess 
will begin 
when 
Timer 
I increments. 
This 
aids 


applications 
attempting 
to 
approach 
spectrally 
pure 


sampling, 
since 
successive 
samples 
spaced 
by 
equal 
Timer 
I delays 
will occur 
with 
a variance 
of about 
± 50 ns (assuming 
a stable 
clock 
on XTALl). 
How- 


ever, 
conversion 
initiated 
by 
writing 
a 
one 
to 
the 
ADCON 
register 
GO 
Bit will start 
within 
three 
state 


times after the instruction 
has com pleted execution, 
re- 


sulting 
in a variance 
of about 
0.75 
/ks (XTALI 
= 


12 MHz). 


Once 
the AID unit 
receives 
a start 
conversion 
signal, 


there 
is a one state time delay before sampling 
(sample 
delay) while the successive 
approximation 
register 
is re- 


set and the proper 
multiplexer 
cha.nnel is selected. 
Af- 


ter the sample 
delay, the multiplex'lr 
output 
is connect- 


ed to the sample 
capacitor 
and re:nains 
connected 
for 
four state times (sample 
time). After this four state time 


"sample 
window" 
closes, the input to the sample capac- 


itor is disconnected 
from the multiplexer 
so that chang- 


es on the input pin will not alter thf stored 
charge while 


the 
conversion 
is in progress. 
The 
sample 
delay 
and 


sample 
time uncertainties 
are each approximately 
± 50 


ns, independent 
of clock speed. 


To perform 
the actual 
analog-to-digital 
conversion 
the 


MCS-96 
implements 
a successive 
approximation 
algo- 


rigthm. 
The converter 
hardware 
consists 
of a 256-resis- 


tor ladder, 
a comparator, 
coupling 
capacitors 
and a 10- 


bit successive 
approximation 
register 
(SAR) 
with logic 


that guides the process. 
The resistor 
ladder 
provides 
20 


mV steps (VREF = 5.12V), while capacitive 
coupling 
is 


used 
to create 
5 mV steps 
within 
the 
20 mV ladder 


voltages. 
Therefore, 
1024 internal 
reference 
voltages 
are 


available 
for comparison 
against 
the 
analog 
input 
to 


generate 
a 10- bit conversion 
result. 
Appendix 
B con- 
tains a detailed 
description 
of the method 
used to gen- 
erate 
1024 voltages 
from a 256-resistor 
chain. 


The 
total 
number 
of state 
times 
required 
for a IO-bit 


conversion 
varies from one MCS-96 
version to the next. 


Attempting 
to short-cycle 
the IO-bit conversion 
process 


by reading 
AID results 
before 
the done bit is set may 


work 
on some versions 
of MCS-96 
devices, 
however 
it 


is not recommended. 
Short-cycling 
is not tested, 
nor is 


it guaranteed. 
Furthermore, 
it may not work on future 


MCS-96 
devices. 
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The analog signals that must be conv(:rted by an analog 
acquisition system vary widely. The analog input may 
arrive at the controller as a voltage: or current. The 
range may be 0 to I volt or ± 30 vol.ts, or some other 
arbitrary range. The input may be linear, logarithmic, 
non- linear, or perturbated in some bizarre fashion. Al- 
though interfacing to such signals could be considered 
an art form, some simple suggestions are contained in 
this section. 


The external interface circuitry to an analog input is 
highly dependent upon the application, and can impact 
converter characteristics. In the external circuit's de- 
sign, important factors such as input pin leakage, sam- 
ple capacitor size and multiplexer series resistance from 
the input pin to the sample capacitor must be consid- 
ered. 
iT> 
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For the 8096BH, these factors are idealized in Figure 
11. The external input circuit must be able to charge a 
sample capacitor (Cs) through a s(,ries of resistance 
(RI) to an accurate voltage given a D.C. leakage (Id. 
On the 8096BH, Cs is around 2 pF, III is around 5 Ko. 
and IL is specified at 3 J.tA maximum. In determining 
the source impedance Rs. YBIASis not important. 


External circuits with source impedances of 1 Ko. or 
less will be able to maintain an input voltage within a 


tolerance of about ±0.61 LSB (1.0 Ko. X 3.0 J.tA = 
3.0 mY) given the D.C. leakage. Source impedances 
above 2 Ko. can result in an external error of at least 
one LSB due to the voltage drop caused by the 3 J.tA 
leakage. In addition, source impedances above 25 Ko. 
may degrade converter accuracy as a result of the inter- 
nal sample capacitor not being fully charged during the 
1 J.ts(Ii MHz clock) sample window. 


Placing an external capacitor on each analog input will 
reduce the sensitivity to noise, as the capacitor com- 
bines with source resistance in the external circuit to 
form a low-pass filter. In practice, one should include a 
small series resistance prior to an external low leakage 
capacitor on the analog input pin and choose the largest 
capacitor value practical, given the frequency of the 
signal being converted. This provides a low-pass filter 
on the input, while the resistor will also limit input 
current during over-voltage conditions. 


Figure 12 shows a simple analog interface circuit based 
upon the discussion above. The circuit in the figure also 
provides limited protection against over-voltage condi- 
tions on the analog input (limits to 2.6 mA with 2700. 
(0.71270». 
The circuit induces leakage from the diodes, 
which should be kept small. 


The wide range of possible analog environments that 
must be interfaced to, or the existence of stringent accu- 
racy requirements, makes the consideration of alterna- 
tive input buffer configurations necessary. The most 
popular input buffer is a single op-amp in the non- in- 
verting or inverting configurations of Figure 13. 


In the non-inverting circuit of Figure 13 (a), the analog 
input is scaled by the buffer gain to output 5 volts when 
the input is at its maximum positive input. When the 
buffer input is 0 volts, the output will also be 0 volts. 


In the inverting circuit of Figure 13 (b), a reference 
equal to the maximum possible input voltage is placed 
on the non-inverting input of the op-amp and the actual 
analog input is placed on the inverting input. The out- 
put voltage of the buffer is then proportional 
to the 
deviation of analog input from its maximum possible 
value. For example. when the analog input equals 
YMAX,the buffer output will equal 0 zero volts. When 
the analog input equals its minimum value, the buffer 
output equals 5 volts. The digital result from the AID 
converter might, of course, have to be complemented 
before being used. 


The circuits of Figure 13 show only feedback resistors 
that set the gain of the buffer. In practice, it will often 
be necessary to include offset adjustments, gain trim- 
ming, temperature or frequency stability compensation, 
or components to build an active filter. 


Figure 
14 depicts a generalized non-inverting 
input 
buffer that offsets the analog input and scales the input 


inter 


to a 5 volt range. The course offset is set by the ratio of 
RBIGl and RBIG2' while offset fine tuning is done by 
adjusting RTRIM. The course gain is set by the ratio of 
Rot 
and 
RG2 while gain trimming 
is done with 
RGTRIM· 


.1:0.+.N.+.LOGPIN 
.r-= .+.NGND 
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By trimming the offset and gain, not only can external 
component errors be zeroed out, but the offset and full 
scale error of the AID converter can be nulled. 


The procedure for nulling offset and gain is simple. 
First, a voltage is applied to VIN which corresponds to 
the ideal first code transition of the AID. RTRIM is 
adjusted so that 50 percent of the c:mversion results are 
o while 50 percent are I. Second, a voltage is applied to 
VIN which corresponds to the ideal final code tran- 
sition of the AID converter. RGTltlM is then adjusted 
until 50 percent of the conversion results are 3FEH and 
50 percent are 3FFH. Once this adjustment is com- 
plete, the converter zero offset and full-scale errors are 
nulled, and could be ignored (except for temperature 
variation). This allows the system to rely upon the 
tighter, more descriptive convertt:r specifications for 
Terminal Based Non- Linearity and Differential Non- 
Linearity. 


Reference supply levels strongly influence the absolute 
accuracy of the conversion. For this reason, it is recom- 
mended that 
the ANGND 
pin be tied to a clean 


ground, as close to the power supply as possible. Bypass 
capacitors 
should also be used between VREF and 


ANGND. ANGND should be connected to Vss only 
at the chip. VREF should be well regulated and used 
only for the AID converter. The VREF supply can be 
between 4.5V and 5.5V and needs to be able to source 
around 5 mA. Figure 15 shows all of these connections. 


Note that if only ratiometric information is desired, 
VREFcan be connected to Vcc. In addition, if the AID 
converter is not being used, VREFmust be connected to 
VCCand ANGND to VSSfor PortO to work as a digital 
port. 
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Given that the AID converter can convert an analog 
input ranging from 0 volts to 5 volts into 1024 steps of 
5 millivolts each, the desire for more resolution can 
come from three basic needs - :Ileedextra LSB, need 
extra MSB, need BOTH. 


The configuration shown in Figure 16 can be used to 
solve each of the "more resolutiou" problems. This set- 
up requires the use of two input chan'nels with different 
offsets and gains. 


When the 5 millivolt step size of the AID is too large 
for the application requirements, but the 5 volt range is 
sufficient, the system needs an "extra LSB". For exam- 
ple, an application requiring 2.5 millivolt steps over a 5 
volt range needs an II-bit conversion result. The 11th 
bit needs to be added to the least :;ignificant side of the 
10- bit result (the "right"). This can be achieved using 
the circuit of Figure 16. 


If both channels are set for a gain of 2, with channel 1 
offset to 2.5 volts, the 5 volt input range is split into 2.5 
volt ranges that are amplified by two before being input 
to the A/D. 
While VIN is between 0 and 2.5 volts, 
channel 0 will be providing a proportional voltage be- 
tween 0 volts and 5 volts to the AID converter. Chan- 
nel 1 will be clamped to 5 volts. When VIN rises above 
2.5 volts, channel 1 will begin to output a proportional 
voltage between 0 volts and 5 volts to the AID convert- 
er and channel 0 will be clamped at 5 volts. Using this 
method, an ll-bit (2048 step) result is created with 2.5 
millivolt steps (i.e. an extra LSB). 


It is useful to note that only one conversion per sample 
will be required if the software keeps track of which 
channel is active. The only time that two conversions 
will be required for one sample is when the voltage 
crosses the midpoint. 


The second reason that "more resolution" is requested 
is the need for an "extra MSB". When the converter's 
input voltage range is too small (5 volts when 10volts is 
needed), but 5 millivolt steps over the actual input volt- 
age range is sufficient, an extra bit is needed on the 
most significant ("left") side of the IO-bit result. The 
circuit of Figure 16 can also be used, with different 
gains and offsets, to satisfy this extra MSB need by 
splitting the 10 volt range into 5 volt ranges. 


If both channels of Figure 16are set for unity gain, and 
channel 1 is offset to 5 volts, an II-bit conversion result 
with 5 millivolt steps is available. While VIN is in the 
lower half of its range (0 volts to 5 volts), channel 0 will 
be active. While VIN is in the upper half of its range (5 
volts to 10 volts), channel 1 will be active. Thus, an 
extra MSB is created. 


For applications requiring multiple extra bits of result, 
the solutions can become more "elegant" (i.e. elabo- 
rate). However, it is profitable to first squeeze the most 
out of the now familiar circuit in Figure 16. 


Assume that the analog input, VIN, ranges from 0 volts 
to 10volts, and it is desired to measure this range in 2.5 
millivolt steps. This requires two extra bits of result - 
one extra MSB and one extra LSB. A simple extrapola- 
tion of the preceding discussion of creating extra bits 
might have the designer planning to tieup four channels 
of the multiplexer needlessly. Needlessly, that is, if 
the application is a typical control application where 
the high accuracy requirements are only important in 
the "normal" operating range of the process. Outside of 
the normal operating range is the "possible" operating 
range which must be measured, but with less stringent 
requirements. 


Since the requirements of the normal range set the nec- 
essary LSB weight, and the extent of the possible range 
sets the maximum voltage span, it follows that only two 
channels need to be used (Figure 16). Channel 0 would 
be set with a gain that compressed the possible VIN 
range to 5 volts, while channel 1 would be offset to the 
normal operating range and would have a gain of two 
to expand this region of critical interest. With this ap- 


intJ 


proach, 100 percent of the normal operating range is 
digitized in 2.5 millivolt steps, while 100 percent of the 
possible range is digitized in 10 millivolt steps. 


Unfortunately, not all high resolution applications can 
be described as a process with a small region of in-con- 
trol operation, where the process is out-of-control out- 
side of that small region. For example, it is necessary to 
measure airflow in an engine controlling carburetion. 
T.heair flow at idle is likely to be several orders-of-mag- 
nltude lower than the airflow at full RPM. The process 
needs to be in tight control over the entire range, not 
only when the engine is at half-speed. 


When it is desired to measure a process with a fIXed 
percent of error throughout 
a ra'nge spanning several 


orders-of-magnitude, 
a non- Iim:ar input butTer be- 


comes attractive. For example, assume that the analog 
sIgnal that needs to be digitized can vary from I milli- 
volt to 25 volts and describes a physical process that 
must be represented digitally with I percent error at 
any point in the possible input range. A linear solution 
to this application would require a converter with a 10 
microvolt LSB (I % X 1 mV), and a resolution of 22 
bits (25 V/10 microvolts). This is clearly undesirable. 


The use of a log input butTer to eompress the 25 volt 
ran.gelogarithmically to 5 volts would satisfy the appli- 
catIOn reqUIrements. The input would range from I 
millivolt to 25 volts with the output ranging from 0 
volts to 5 volts proportionally to the log of VIN/lmV. 
Each one-percent change in the input voltage would 
change ~he output voltage by 5 millivolts (one count). 
The antdog could be taken in software using a lookup 
table, or the control calculations could be performed in 
a log base. 


Simple i?expensive log-amps can be built as in Figure 
17, or hlgh- accuracy, self-contained log-amps can be 
purchased. Which is chosen depends upon the applica- 
tion tradeotTs of price and performance. 


V3=Klog(~) 
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Other techniques become available for consideration in 
systems that have slow sample rate requirements, but 
very high resolution requirements. 
In addition to the 


methods described above, which require external hard- 
ware, software filtering or other post-processing of the 
conversion results can be productive. Each method re- 
lies upon the ability to sample the analog input much 
faster than the system requires an analog input. 


When resolution is limited by filterable noise, perhaps 
the most straightforward approach to post-processing is 
to oversample the input by a factor of N and digitally 
low-pass filter the data (Le. weighted rolling average). 
A result would be reported to the rest of the system 
every N samples (Figure 18). A low-pass filter can in- 
crease the signal- to-noise ratio (SNR) by a factor of N 
(see bibliography). However, care must be taken to be 
certain that the input voltage varies slowly with respect 
to the sampling rate. 


Y1 = YO 
YO ~ 
S'Y1 
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Another approach to creating morll resolution is called 
"synchronized dither". Figure 19 Hhowsan input volt- 
age that is constant somewhere between two code tran- 
sition points. This input is "dithered" by adding a small 
periodic waveform ('/. LSB steps) to the input while 
performing an AID conversion syr.chronized with each 
dither step. Every time the dither completes a full cycle, 
the eight conversion results are averaged to form one 
digitized value. Since the dither is periodic and sym- 
metrical about 0 volts, its average impact on the input 
voltage is 0 volts. 


The creation of extra resolution (:an be seen with the 
example shown in Figure 19. Without dither, the input 
voltage would always convert to 3i'H. With dither, one- 
eighth of the conversions would be 38H and 7/. of the 
conversions would be 37H. If eve:ryeight conversions 
were averaged, the result would be 37H + '/. LSB. The 
possible results given a four level dither, where the in- 
put voltage was always within tb.e 37H code width, 
would be 


36H + % 
36H + % 
37H + 0 
37H + Va 
37H + % 


Dither will only create more resolution up to the limit 
of the AID converter comparator's 
ability to distin- 
guish voltages. Since MCS-96 converter repeatability 
error is typically around 1 millivolt to 1.25 millivolts, 
Y. LSB dither is the practical limit if no other process- 
ing is done. Figure 20 shows a simple method by which 


the input voltage could be dithered under software con- 
trol. 


While only a few of the more obvious interfacing tech- 
niques were described here, there are as many innova- 
tive interfacing tricks as there are designers. 


This application note provides a fundamental under- 
standing of MCS-96 analog acquisition for the digital 
designer. Since answering the limitless number of ana- 
log circuit design questions is beyond the scope of this 
document, it is expected that analog design manuals 
and the large body of publicly available applications 
literature will be consulted for detailed design hints. 
Furthermore, 
the applications literature of monolithic 


analog acquisition 
system manufacturers 
should be 


consulted since the suggestions presented therein are 
largely transportable to any AID system. 
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APPENDIX 
A 
AID GLOSSARY OF TERMS 


ABSOLUTE 
ERROR-The 
maximum 
difference 
be- 


tween 
corresponding 
actual 
and ideal code transitions. 
Absolute 
Error 
accounts 
for all de viations 
of an actual 


converter 
from an ideal converter. 


ACfUAL 
CHARACfERISTIC-The 
characteristic 
of 


an actual 
converter. 
The characteristic 
of a given con- 


verter 
may vary over temperature, 
supply 
voltage, 
and 


frequency 
conditions. 
An Actual 
Characteristic 
rarely 


has ideal first and last transition 
lo,;ations 
or ideal code 


widths. 
It may even vary over multiple 
conversions 
un- 


der the same conditions. 


BREAK·BEFORE·MAKE-The 
property 
of a multi- 


plexer 
which 
guarantees 
that 
a 
previously 
selected 


channel 
will be deselected 
before 
a new channel 
is se- 
lected. (e.g. the multiplexer 
will not short inputs 
togeth- 


er.) 


CHANNEL-TO-CHANNEL 
MATCHING-The 
dif- 


ference between 
corresponding 
code: transitions 
of actu- 


al characteristics 
taken 
from 
different 
channels 
under 


the 
same 
temperature, 
voltage 
and 
frequency 
condi- 


tions. 


CHARACfERISTIC-A 
graph 
oJ input 
voltage 
ver- 


sus the resultant 
output 
code for an AID converter. 
It 


describes 
the transfer 
function 
of the AID converter. 


CODE 
CENTER-The 
voltage 
corresponding 
to the 


midpoint 
between 
two adjacent 
code transitions. 


CODE 
TRANSITION-The 
point: at which 
the con- 


verter 
changes 
from an output 
cod,: of Q, to a code of 


Q + I. The input voltage corresponding 
to a code tran- 


sition is defined 
to be that voltage "hich 
is equally 
like- 


ly to produce 
either 
of two adjacent 
codes. 


CODE 
WIDTH-The 
voltage 
corresponding 
to 
the 


difference 
between 
two adjacent 
code transitions. 


D.C. INPUT 
LEAKAGE-D.C. 
uakage 
current 
of an 


analog 
input 
pin. 


DIFFERENTIAL 
NON·LINEARITY-The 
differ- 


ence between 
the ideal and 
actual 
code 
widths 
of the 


terminal 
based characteristic 
of a converter. 


FEEDTHROUGH-Attenuation 
of a voltage 
applied 


on the selected 
channel 
of the AID converter 
after the 


sample 
window 
closes. 


FULL-SCALE 
ERROR-The 
difference 
between 
the 


expected 
and actual 
input 
voltage 
corresponding 
to the 


full-scale 
code transition. 


IDEAL 
CHARACfERISTIC-A 
characteristic 
with 


its first code transition 
at VIN = 0.5 LSD, its last code 


transition 
at VIN = (VREF 
- 
1.5 LSD) and all code 


widths 
equal to one LSD. 


INPUT 
RESISTANCE-The 
effective series resistance 


from the analog 
input 
pin to the sample 
capacitor. 


LSB· 
LEAST 
SIGNIFICANT 
BIT-The 
voltage 
val- 


ue corresponding 
to the full-scale 
voltage divided 
by 2n, 


where 
n is the number 
of bits of resolution 
of the con- 


verter. 
For 
a to-bit 
converter 
with a reference 
voltage 


of 5.12 volts, 
one 
LSD is 5.0 mY. 
Note 
that 
this 
is 


different 
than digital 
LSDs, since an uncertainty 
of two 


LSBs, 
when 
referring 
to 
an AID 
converter, 
equals 


to mY. (This has been confused 
with an uncertainty 
of 


two 
digital 
bits, 
which 
would 
mean 
four 
counts, 
or 


20 mV.) 


MONOTONIC-The 
property 
of successive 
approxi- 


mation 
converters 
which 
guarantees 
that increasing 
in- 


put voltages 
produce 
adjacent 
codes of increasing 
value, 


and 
that 
decreasing 
input 
voltages 
produce 
adjacent 


codes of decreasing 
value. 


NO 
MISSED 
CODES-For 
each 
and 
every 
output 


code, 
there 
exists 
a unique 
input 
voltage 
range 
which 


produces 
that code only. 


NON·LINEARITY-The 
maximum 
deviation 
of code 


transitions 
of the terminal 
based characteristic 
from the 


corresponding 
code transitions 
of the actual 
character- 


istic of a converter. 


OFF·ISOLATION-Attenuation 
of a voltage 
applied 


on a deselected 
channel 
of the AID 
converter. 
(Also 


referred 
to as Crosstalk.) 


REPEATABILITY-The 
difference between 
corre- 
sponding code transitions from different actual charac- 
teristics taken from the same converter on the same 
channel at the same temperature, voltage and frequency 
conditions. 


RESOLUTION-The 
number of input voltage levels 
that the converter can unambiguously distinguish be- 
tween. Also defines the number of useful bits of infor- 
mation which the converter can return. 


SAMPLE DELAY-The 
delay from receiving the start 
conversion signal to when the sample window opens. 


SAMPLE 
DELAY UNCERTAINTY-The 
variation 
in the Sample Delay. 


SAMPLE TIME-The 
time that the sample window is 
open. 


SAMPLE TIME UNCERTAINTY-The 
variation in 
the sample time. 


SAMPLE WINDOW-Begins 
when the sample capac- 
itor is attached to a selected channel and ends when the 
sample capacitor 
is disconnected 
from the selected 
channel. 


SUCCESSIVE 
APPROXIMATION-An 
AID con- 
version method which uses a binary search to arrive at 
the best digital representation of an analog input. 


TEMPERATURE 
COEFFICIENTS-Change 
in the 
stated 
variable 
per 
degree 
centigrade 
temperature 
change. Temperature coefficients are added to the typi- 
cal values of a specification to see the effect of tempera- 
ture drift. 


TERMINAL 
BASED CHARACTERISTIC-An 
Ac- 
tual Characteristic which has been rotated and translat- 
ed to remove zero offset and full-scale error. 


Vcc REJECTION-Attenuation 
of noise on the Vcc 
line to the AID converter. 


ZERO OFFSET-The 
difference between the expected 
and actual input voltage corresponding to the first code 
transition. 


APPENDIX 
B 
CAPACITIVE 
INTERPOLATION 


A successive approximation 
A/JD converter needs an 
internal DI A converter of the same resolution as the 
desired AID 
result. A lO-bit DI A could have been 
made using a string of 1024 resIstors connected from 
the analog reference at one end to ground at the other 
end. Although this would be technically ideal, such a 
circuit would be enormous. Therefore, a method was 
developed to generate the needed reference voltages us- 
ing a small area of silicon so that an on-chip IO-bit 
AID converter would be economical. 


The method used relies upon a 256-resistor chain to 
generate reference voltages in 20mV (5.12V/256) steps 
while two ratioed capacitors are used to capacitively 
"interpolate" voltages in-between the resistor tap volt- 
ages. The area of the 256-resisto:, chain together with 
the capacitors is one-fourth the area of the would-be 
1024 resistor chain. 


Before beginning a detailed description of the capacitive 
part of the conversion process, it is necessary to under- 
stand a few details about the resi~tor chain. 


There are 256 resistors connected in series from the 
analog reference to analog ground. The actual value of 
the resistors only impacts the curro~ntthrough the refer- 
ence pin. If every resistor in the chain is the same value 
the converter will function properly. 


To reduce resistor-to-resistor 
variation, the chain is 
folded in half, and then in an accordion fashion to pro- 
duce a 16 X 16 block of resistors. This minimizes the 
sensitivity of the array to processing gradients, while 
also allowing the array to be addn:ssed roughly similar 
to a 16 X 16 memory array. 


As explained earlier, it is desired for the AID converter 
to have its first code transition at '/. LSB followed by 
subsequent code widths I LSB wide. 


To accomplish this, each resistor is tapped in its center 
rather than between resistors. For example, the first 
resistor tap is half-way up the first resistor. This means 
that the zero resistor tap will output IOmV (2Omv/2). 
When calculating the voltage on a certain resistor tap, 
you must add IOmV to the product of the tap number 
and 20mV. 


The internal connections while an analog input is being 
sampled are shown in Figure Bla. Once sampling is 
complete, the analog input is disconnected and the 
comparator 
inputs are no longer clamped to VaIAs 


(Figure Bib). 


During the sample window (Figure Bla), VANIN and 
VOFScontrol the amount of charge stored in CA and 
Ca (VOFScontrols the converter offset). Once the sam- 
ple window closes (Figure Bib), voltages applied to 
VIN and VIN2 will add or subtract charge proportional 
to (VANIN - 
VIN) on CA and (VOFS - 
VIN2) on Ca· 


Unless a voltage is applied to VIN and VIN2. The in- 
verting comparator input of Figure Bib will remain at 
VaIAS due to the charges on CA and Ca. The non- 
inverting 
comparator 
input 
will always remain 
at 
VaIAS and serves as a reference. 


If a VIN, VIN2combination is applied which causes the 
non-inverting input to drop below val ASthe compara- 
tor will output to a I to indicate that the applied volt- 
age was lower than the original VANIN. To better un- 
derstand how the circuit works, Figure B2 shows the 
superposition analysis used to form the equation for 
VOUT, given initial charge on CA and Ca and new in- 
put voltages VIN and VIN2. 
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Successive 
Approximation 
Register 


1 
CB=jjC", 


C•••Is the sample capacitor 


One of four 
Resistor Taps 
Successive 
Approximation 
Register 


From ....J 


Pin 
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CA 
VOUT = (VIN + VSIAS - 
VANIN) -C-, --C- 
+ 


'A + 
S 


Cs 
(VIN2 + VSIAS - 
VOFS) ·~C 
(IV) 
i"'A + 
S 


VOUT becomes the input voltagll to the comparator 
which ideally presents no load. The only way to make 
VOUTapproach the value of VBIAS(after VBIASis re- 
moved) is to apply a voltage combination which makes 
equation IV evaluate to VBIAS'If we had an infinitely 
variable internal voltage referem:e to use, we could 
just 
set 
the 
reference 
on 
VIN to 
the 
value 
of 
VANIN and make VINZ = VOFS' 


However, using a 256-resistor chain to provide refer- 
ences, we can find a VIN, VINZ combination which can 
bring VOUTclose to the value of VBIAS'The 256-resis- 
tor chain provides a reference voltage in 20 mV steps. 
We can then take separate taps of the resistor chain and 
connect them to VIN and VIN2.The voltage attached to 
VIN wiIl couple to VOUTby a factor OfCA/(CA + CB) 
= 8/9 from EQN IV. The voltage attached to VIN2 
wiIl couple to VOUTby a factor of Ca/(CA + CB). The 
ratio of the impacts on VOUTof VIN versus VIN2 is: 


( aVOUT) 
.•. (aVOUT) 
= (8/9)/(1/9) 
= 8 
aYlN 
aV,N2 


Therefore, a voltage change on VIN wiIl affect the volt- 
age seen at VOUT eight times more than the same 
change placed on VIN2. 


0,,=0 


14r-r-j 
+ 
(ii)The effect of V,N 


-=- ' !l~ 
CA 
V,NT 
lOBC~( 
VI =V'Nc.+c. 
~ 
AB 
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0,,=0 
-C~] 
+ 
(iii)The effect ofV,N2 
" 
':JOB ~ 0 
CB 
.J.: 
V2= V,N2c.+c. 
- 
A 
B 
V1N2::E: 
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Figure 83. Initial Conditions 


19-168 


For 
example, 
assume 
the actual 
input 
voltage 
VANIN 


was 2.50mV 
during 
the 
sample 
window. 
Using 
EQN 


IV, and assuming 
VBlAS = 3V and VOFS = 70mV, we 


substitute 
and find: 


VOUT = 
(VIN + 2.9975) 
x (8/9) + 
(VIN2 + 2.93) x (1/9) 


Using 
successive 
approximation, 
the 
first 
trial 
input 


voltage 
attempted 
corresponds 
to the digital 
code 0 III 


llllllb(127 
X 20mV + lOmV). This means that the 


voltage 
applied 
to VIN will be the 0 III 1111b tap and 


the voltage 
applied 
to VIN2 will be thl' 0 1lOb tap (6 X 
20mV + 10mV 
= 3 LSB). 
Substituting 
these 
values 


into EQN 
V we have: 


VOUT ~ (2.550 + 2.9975) x (8/9) + (0.130 + 2.93) x (1/9) 


VOUT ~ 
4.931 
+ 
0.34 


Since the 3V reference 
is lower than 
'\TOUT with these 


inputs, 
the comparator 
will output 
a 0 which 
is placed 


in the 
MSB 
of the 
successive 
approximation 
register. 


The next most significant 
bit of the SAR is then zero'd 


and the new ladder 
tap applied 
to VIN. The result 
of 


this second 
comparison, 
and 
the subsequent 
compari- 


sons are shown 
in Table 
Bl. 
The 
C program 
used 
to 


generate 
Table 
Bl is listed in Listing 
Bl. 


The value selected 
for VOFS during 
the sample 
window 


may not be obvious. 
The purpose 
of VOFS is to inject a 


constant 
offset in the sampling 
process 
so that the con- 


verter's 
first code transition 
will occur 
at 2.5m V. 


Using EQN 
IV we can quickly 
see why VOFS is chosen 


to be the fourth 
resistor 
tap (4 X 20m V + 10m V = 
7OmV). For VANIN = 2.5mV, 
we want VOUT to eval- 
uate to VBlAS when the SAR is OR. 


VOUT = 
[(0.20 
mV + 10 mY) + (VSIAS - 
2.5 mY)) 
x 


(8/9) + {(0.20 mV + 10mV) + (VSIAS - 
70 mY)) x (1/9) 


Therefore, 
if VOFS = 70 mV, the converter's 
first code 


transition 
will be when VANIN = 2.5 mY. 


A to D simulator. 
(ce~ter taps) 
•• 
With 


VIN = 0.002500 


VCENT 
= 3.000000 
VOFF 
= 0.070000 
SAR = IFFH 
(511) 
VOUT = 5.271111 
SAR = 
FFH 
( 
255) 
VOUT = 4. 133333 
SAR = 
7FH 
(127) 
VOUT = 3.564444 
SAR = 
3FH 
( 
63) 
VOUT = 3.280000 
SAR = 
IFH 
( 
31) 
VOUT = 3.137778 
SAR = 
FH 
( 
15) 
VOUT = 3.066667 
SAR = 
7H 
( 
7) 
VOUT = 3.031111 
SAR = 
3H 
( 
3) 
VOUT = 3.013333 
SAR = 
IH 
( 
1) 
VOUT = 3.004444 
SAR = 
OH 
( 
0) 
VOUT = 3.000000 
SAR = 
IH 
( 
1) 
which means 
0.005000 
volts 
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Interface FurA Microcomputer 


As silicon technology 
advances 
to provide 
denser geometries, timer structures 
have 
become more elegant and powerful. 


Microcontrollers 
are 
microprocesso:rs 


specially configured to monitor and COII- 
trol mechanisms 
and processes rathl:r 


than manipulate data. The systems they 
are imbedded 
in are often called real 


time control 
systems; microcontrollers 
always incorporate 
some form of timt:r 


structure to allow synchronization 
with 
the outside or 'real' world. As silicon 
technology advances to provide denst'r 
geometries. these structures have become 
more elegant and powerful. 


This trend can be seen in the Intd 
8048. the Motorola 
6801. and the Intd 


8051 which were introduced at appro~- 
imately two and a half year intervals 
starting in 1976. The 8048 has a single 
8-bit timer; the 6801 has a 16-bit timer. 
and the 8051 has two 16-bit timers. The 
new l6-bit microcontroller 
from Intel. 
the 
8096. has an 
independent 
High 
Speed I/O 
subsystem 
which providel 


the functionality 
of four to eight 16-bit 


timers. While this subsystem is designed 
to provide an integrated 
approach 
to 
measuring 
and controlling 
time mod- 
ulated signals. it is easier to describe a" 
separate input and output units. 


Lionel Smith isa Staff Applications 
Engineer 


in the Microcontroller 
Operations 
Divisior. 
of Intel 
Corporation, 
Chandler, 
Arizona. 
During his eight years with Intel Corp., Mr. 
Smith 
participated 
in the definition 
of the 


Intel8051 and 8096 microcontroller 
architec- 


lures. He is also the author of several appli- 
cQtion notes on microconlrollers. 


High Speed Input Unit 


The purpose 
of the High Speed Input 
unit is to allow the measurement 
of the 
periods of incoming pulse or frequency 
modulated 
inputs with high resolution 
and minimal software overhead. A block 
diagram 
of 
the 
hardware 
used 
to 
accomplish this goal is shown in Figure 
I. The heart of this unit is a program- 
mable change detector which monitors 
the four I/O pins of the 8096 which are 
designated 
as 
KHigh Speed 
Inputs~ 
(HSI.G-HSI.3). 


The operating 
mode of the change 
detector is controlled by a byte register 
which can be written as register 3 of the 
onboard 
register file. This register has 
the predeclared 
name HSLMODE 
in 
the 8096 assembly language. The regis- 
ter contains a separate field for each of 


HSI.O 


HSI.1 
HSI.2 
HSI.3 


the four HSI pins. There are two bits in 
each of these fields and they are encoded 
as follows: 


• 
00 Capture 
every eighth positive 


transition 
• 
0 I Capture 
positive 
transitions 


only 
10 Capture 
negative transitions 


only 
II 
Capture 
both 
positive 
and 


negative transitions 


It is also possible to disconnect one or 


more of the HSI pins from the change 
detector by writing into one of the two 
I/O 
control 
registers. 
This 
register. 


known 
to the assembly 
language 
as 


lOCO 
is addressed 
as register 15H of 


the on-board register file. HSI pins that 


Event 
FIFO 
(8x20) 


Figure I: Diagram shows the High-Speed 
Input 
Unit which is used to measure incoming pulse 


or frequency 
modulated 
inputs. 


Mir.ror.ompull'r 


HSO.O 
HSO.l 
HSO.2 
HSO.3 
HSO.4 
HSO.5 


have to be disconnected from the change 
detector are available for use as normal 
digital inputs and two of them (HSI.2 
and 
HSI.3) can be used by the High 


Speed Output unit. 


When a change (or changes) of the 


required type occurs, four bits of change 
information, 
along 
with 
the 
current 


value 
of TIMERl, 
are 
loaded 
into 


a FIFO 
(first-in, 
first-out 
memory). 


Each set bit in this field indicates that a 
change occurred on the corresponding 
input pin. 
The time reference for the HSI unit is 


TIMERI, 
a sixteen bit counter which is 


incremented 
every eight state times by 


the CPU clock. With a 12 MHz crystal 
this gives a resolution of 2.0 microsec- 


o 


Channel Code 
] 


G-S HSO.O - HSO.5 
6 
HSO.OAnd 
HSO 1 
7 
HSO.2 And HSO 3 


&-8 SOftware 
Tim"", 


E 
ResetTimer 2 
F 
StartAIDCotWe<slon 


onds. TIMERI 
is cleared by reset and 
then starts incrementing. 
It cannot 
be 
written to by the software but can be 
read as a sixteen bit word at any time. 
When its count goes from all ones to 
zero a flag is set and an interrupt gener- 
ated. 
The software 
can use this flag 
andlor 
interrrupt 
to extend the meas- 
urement range of the HSI unit. 


The FIFO 
that is used to store the 
change and time information 
is eight 
levels deep (including the holding regis- 
ter)and 
20 bits wide. The oldest entry in 
the FIFO is placed in the holding regis- 
ter. When the holding register is read 
then the next oldest entry will drop into 
it and another 
cell of the FIFO 
will 
become 
available 
for input data. 
An 


interrupt can be generated either when 
one or more entries exist in the FIFO or 
when seven or more entries exist. The 
choice is made by the software by setting 
a bit in 110 control register I (lOCI). 


The 
8096 only supports 
byte and 


word 
operands 
for most 
operations. 


The 
holding 
register 
is 20 bits wide 


hence the holding 
register is broken 


down into two registers. The l6-bit time 
field is read as a word register and is 
known as HSLTIME 
to the assembler. 


The change information 
is read as an 


eight-bit byte known as HSLSTATUS. 
The four extra bits in this byte are used 
to report the state ofthe HSI pins at the 
time the register is read (not at the time 
the 
reported 
change 
occurred). 
The 


holding register is cleared after the HSL 
TIMEis read so that HSLSTATUScan 
be read at any time to monitor 
the 


actual 
state of the HSI pins without 


losing data from the FIFO. 


High Speed Output 
Unit 


The High Speed Output unit serves the 
output requirements of the system in the 
same way as the HSI unit serves the 
input. It allows the generation 
of pulse 
and frequency modulated 
signals with 


high resolution 
and minimal software 
overhead. It can also be used to generate 
time delays for the operating 
software 


and to trigger the AI D converter at pre- 
cise time intervals for signal processing 
algorithms. 
A block 
diagram 
of the 


HSO hardware is shown in Figure 2. 


The HSO unit is driven by a Content 


Addressable 
Memory (CAM) which is 


23 bits wide and eight levels deep. The 


(continued 
on page 120) 


Figure 3: Diagram showsformat 
of Command 
Tag. The lower four 


bits specify 
the bQjic operation 
and the remaining 
three bits are 


options 
/0 the ~ic 
operation. 


I 
I 


I 
I 
IOCO.S 


Fixure4: 
Fixure shows the clock and reset options a/TIM 
ER2 used 
by the Hixh Speed 
Output 
unit. 


Mil:fllc.llmplIler 


(continued from page ll2) 


23 bits are broken into a 16 bit time tig 
and 
a seven bit command 
tag. The 
command tag tells it when to do it. The 
format of the command tag is shown in 
Figure 3. The lower four bits of the lig 
specify 
the 
basic 
operation 
and 
the 
remaining three bits specify options to 
the basic operation. 
The basic opera- 
tions supported are: 


• 
Write to one of the six pins con- 
trolled by the HSO unit (HSO.O- 
HSO.5). 


• 
Write to HSO.O and HSO.I with 
a single command. 
• 
Write to HSO.2 and HSO.3 with 
a single command. 
Set one of four software 
timer 
flags. 
Reset Timer 2. 
• 
Trigger an AID conversion. 


If an operation 
on an HSO pin is 
specified, then the value to be written to 
the pin is taken 
from bit five of the 
command 
tag. Note that if two HSO 
pins are to be modified with the same 
command 
then both will be set to the 
same state. Bit five of the command tag 
is ignored 
for the other 
HSO opera- 
tions. Bit four of the command 
tag en- 
ables 
the generation 
of an 
interrupt 
which 
occurs 
when the command 
is 
executed. 
There are two interrupts generated by 
the HSO unit. One of them indicates 
that an operation involving a HSO pin 
has occurred, and the other is used to 
signal that 
one of the internal 
HSO 
functions 
(such as setting a software 
timer flag) has been comJ?leted. Bit six 
of the command tag controls which one 
of the two timers available to the HSO 
unit will be used as a time base for the 
command. 
If bit six is a zero then the 
command 
tag will be executed 
whl'n 
TlMERI 
becomes equal to the time lllg 
stored in the CAM. If bit six is a one 
then the command tag isexecuted bast:d 
on TlMER2. 
In either case the com- 
mand is flushed from the CAM as soon 
as it is executed. 
One ofthe timers (TIMER I) used by 
the HSO unit is the same timer that is 
used 
by 
the 
HSI 
unit. 
The 
other 
(TlMER2) 
is used only by the HSO 
unit. TlMER2 allows HSO events to be 
generated on a time base that is different 
from that of the CPU. Like TIMER I it 
is a 16 bit counter that can be read but 
not written to by the software. It also 


has an overflow flag and interrupt 
to 
indicate that it has incremented from a 
source external to the 8096 and can be 
reset by a number of paths in addition to 
system reset. The options available are 
shown in Figure 4. 
The clock input can come either from 
a specific pin designated as the T2CLK 
or it can come from HSI.l 
depending 
on the state ofIOCO.7 which is set by the 
software. In either case the counter 
is 
incremented 
on both edges of the clock 
signal. TlMER2 
can be reset by a spe- 
cific pin designated as T2RST or it can 
be reset by HSO.O. It is also possible for 
the software to lock out external sources 
of reset (by clearing 
IOCO.3) andlor 
reset TlMER2 
directly (via lOCO. I) or 
indirectly via a command 
stored in the 
CAM. 
Note that 
this last possibility 
allows TIMER2 
to be configured as a 
modulation 
counter since the software 
can command 
the HSO unit to clear 
TlMER2 
when it reaches a given value. 


Commands are loaded into the CAM 
from the 23 bit wide holding register 
which, like the holding register for the 
HSI unit, is actually made up of a byte 
register 
(HSO_COMMAND) 
which 
stores the command 
tag and a word 
register is considered loaded after HSO_ 
TIME 
is loaded so the software must 
lliways load 
HSO_COMMAND 
and 
then load HSO_TlME. 
The software must also ensure that 
the loading of the two registers is not 
interrupted 
by an interrupt service rou- 
tine which uses the HSO unit. If such an 
interrupt 
occurs immediately following 
the loading of HSO_COMMAND 
then 
the subsequent 
loading of HSO_TlME 
will reload the command 
tag written 
into the holding register by the interrupt 
service routine. The safest procedure is 
to lockout interrupts during the loading 
of the holding registers, however a care- 


ful examination 
of the control flow of 
the 
program 
may 
show 
this 
to 
be 
unnecessary. 


If there is an empty cell in the CAM 
when the holding register is loaded then 
the command 
and its time tag will be 
loaded into the CAM within seven state 
times (1.75 microseconds at 12 MHz). It 
is important 
to note that a command 
will not execute from the holding regis- 
ter, it must be loaded into the CAM. If 
the CAM is full then the command 
will 
remain in the holding register until one 
of the commands already in the CAM is 
executed and flushed. 


Two status flags are available to help 
the software manage the CAM. One of 
them indicates that the holding register 
is full or the CAM is full. Once a com- 
mand is loaded into the CAM it cannot 
be read or overwritten, 
it can only be 
flushed after it is executed. To support 
those 
situations 
where 
the 
software 
wishes to cancel a command after it has 
been loaded, the HSO unit is configured 
so that two operations 
to a HSO pin 
which cancel each other wiD not effect 
the setting of the pin ifthey are executed 
with identical time tags. 


Application 
Example 


Since the 8096 incorporates a full duplex 
asynchronous 
serial port in its hardware 


it may seem strange 
that one would 
want to implement 
a software driven 
serial port using the high speed 110 fea- 
tures. There are, however, many useful 
configurations 
of microcontroller 
sys- 


tems which in fact require more than a 
single serial port. An obvious example 
would be a network of 8096 controllers 
which use the hardware 
serial port for 


interprocessor communications. 
One (or 
more) of these controllers might also be 
required to communicate 
with a CRT 


terminal used to supervise or monitor 


U01:02: 03:04: 05: 06: 07:OSru-:-:- 
T=0 
1 
1 
-1 (t) 
+3 It I 
+5 (l) 
+7 
(t) 
+9 (f) 
+11 (t) 


+13 it) 


+15 
+1 
+17 
+ 
+19 
(+1 
1 


Figure 5: Figure shows 
standard 
la-bit 
asyn- 


chronous frame. 


The serial output 
process is simpler 
than the receive 
process because 
there is no need to 
synchronize with 
the outside world. 


the system. Another example would be 
a simple CRT terminal design based on 
an 8096 which needs one serial port for 
communication 
and another for driving 
a slave printer. It may also be true that 
this is. in fact, a strange requirement. In 
any case it is an excellent example to 
show how the high speed 110features of 
the 8096 might be used. 
The objective is to add a software 
driven asynchronous 
serial port to the 
8096 that 
provides 
full duplex 
serial 
communication 
at 2400 baud. A stand- 
ard frame consisting of a START bit, 
eight data bits and a STOP bit will be 
assumed. 
A 
high 
speed 
input 
pin 
(HSI.O) will be used for received data 
and a high speed output pin (HSI.O) for 
transmit data. 
A standard Io-bit asynchronous frame 
is shown in Figure S. The figure also 
shows 
the 
points 
in time where 
the 
receive process must sample the incom- 


Microcompu 
fer 


ing data stream and take some action. 
The first timing point (labeled T-{) is the 
leading edge of the start bit, the accurate 
sensing of this edge is important because 
all subsequent sample times are relative 
to this edge. This event also places the 
highest burden 
on the sampling algo- 


rithm because it can occur at any point 
in time. The rest of the sampling events 
occur at some multiple of one-half a bit 
period relative to the edge of the start bit. 
The 
diagram 
uses the symbol 
B to 
represent a bit period. 
At the second sample, which occurs 
half way through the start bit, the data 
must be checked to make sure it is still a 
SPACE. 
If it is not, a noise pulse has 
caused a false start and the receive pro- 
cess must be reinitialized. The next eight 
samples are used to shift in the serial 
data 
stream. 
The 
last sample, 
which 
occurs 
19 one-half bit times after the 
leading edge of the start bit, is used to 
verify that the stop bit is valid (i.e. it is in 
the MARK state). Ifit is not the a fram- 
ing error 
must be reported 
since. it is 
likely that the receiver is not properly 
synchronized with the transmitter. 
The HSI unit is an ideal mechanism 
for detecting the leading edge of the start 
bit. All that needs to be done is to set the 
mode register to detect negative going 
edges on HSI.O. 
The software timer interrupt 
service 
routine 
implements 
a 
simple 
state 
machine based on the variable count. 
The routine also arranges for the next 
sample by issuing a command 
to the 
HSO unit to generate another software 


timer interrupt at the appropriate 
time. 


This is done in all stales unless the recep- 
tion of the character 
is complete or a 
false START 
bit has been detected. 
Under these conditions the receive pro- 
cess must be reinitialized by enabling 
HSI.O into the event FIFO (by setting 
IOCO.O)instead of retriggering the soft- 
ware timer. 
The serial output 
process is simpler 
than the receive process because there is 
no need to synchronize with the outside 
world. A transmission 
can be started at 
any time by setting the TxD line to a 
space for one 
bit time 
to form 
the 
START bit. Following the START bit 
are the eight data bits and the STOP bit. 
The HSO interrupt service routine can 
be used to transmit the data and the stop 
bit but the transmit 
process must be 
initialized. 
The only real complication in the HSO 
interrupt service routine is that there are 
nQ flags available 
in the 8096 which 
indicate 
which 
of the 
HSO 
outputs 
caused the interrupt. 
In many systems 
this 
does 
not 
represent 
a 
problem 
because the HSO unit can be treated as 
a write only device. It is given com- 
mands which are to be executed at the 
proper time but no feedback is required 
to indicate when the proper 
time has 
been reached. In this case, however, the 
feedback is required since the CAM isn't 
deep enough to hold all of the transi- 
tions required for a character. Even if it 
were big enough 
it is unlikely that so 
many CAM locations 
would be dedi- 
cated to serial output. 
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controllers 
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Adaptable to a wide range of 
applications, a microcontroller 
can 
lower cost and boost reliability, 
compared to multichip units 
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and Lionel Smith 
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AZ 


I 
nthe quest for accurate 
position- 
ing of motors in automated 
indus- 
trial 
machinery 
or other 
controlled 
environments, 
the single-chip 
motor 
controller is gaining ground. Most of 
the newer single-chip controllers 
use 
an internal 
microprocessor 
com- 
bined with 
analog 
and digital 
cir- 
cuitry optimized for motion control. 
In addition 
to being 
more flexible 
and reducing 
IC count, such a con- 
troller 
often 
means lower cost and 
higher reliability. 
A microcontroller 
provides a high 
level of functionality 
by combining 
the microprocessor, 
RAM, ROM, and 
I/O ports, 
with other 
functions 
as- 
sociated with control and feedback. 
What's 
more, the instruction 
set of 
a micro controller 
is usually 
opti- 
mized for fast 
interrupt 
response 
and processing, 
in contrast 
to gen- 
eral-purpose 
microprocessors 
that 
are structured 
for data processing. 
In essence, most control 
systems 
are similar 
(see Fig. 1), 
although 
each has its own application-depen- 
dent transducers 
to accurately 
moni- 
tor the process 
under 
control. 
The 
system blocks will include: 
• A position 
and velocity 
decoder 
that 
determines 
the position, 
veloc- 
ity, or both of the controlled motor, 
based on information 
fed back from 
the external 
sensing hardware. 
In a 
high-performance 
system, 
the 
CPU 
should be able to access this infor- 
mation directly. 
• A control-panel 
decoder, 
which 
reads 
the settings 
of the control 
panel and translates 
this data to a 
format 
useable by the CPU. This sec- 
tion may include a serial 
data link 
if the control 
panel is remotely 
lo- 
cated or if inter /intracomputer 
com- 
munications 
is required. 
• An error 
calculator, 
which 
com- 
pares desired values of position, ve- 
locity, or any closed-loop data being 
monitored 
and controlled to the de- 
sired 
position, 
velocity, 
and so on. 


The output is presented to a filtering 
and control stage 
(usually digital), 


which uses this 
data to implement 


the control algorithm. 
• A filtering 
and control-algorithm 
executor, which executes the control 
algorithm 
using data obtained from 
previous 
blocks. The resulting 
re- 


sponse is the signal that eventu.llly 
is used 
to control 
and adjust 
the 
motor. 
• An output 
modulator, 
which ad- 


justs the output to the motor, based 
on the information 
presented 
by the 
filter and control-algorithm 
executor. 


Algorithms control 


Many different 
algorithms 
are 
used for control purposes. Some may 
require many arithmetic 
multiplica- 
tions 
and divisions, 
which me~.ns 


that the hardware 
controller should 


supply 
these 
capabilities 
quickly 
enough 
to respond 
accurately. 
But 
since most controllers 
have reason- 
ably fast 
execution 
times, the con- 


trol 
algorithm 
may be selected 
to 
match the controller after the micJ~o- 
controller 
has been selected. 
Combining a microcontroller 
like 


the Intel 8096 with a few level-shift- 
ing devices, creates a simple contl'ol 
system 
(see Fig. .!). By properly Ile- 
lecting 
algorithms 
for 
the hard- 


ware, the system could control one 
motor to a high degree of speed and 


COllTROC 
PNIEl. 


DECODER 


Fig. 1. In the typical closed-loop control systems, 
velocity and position statuses are compared to 
desired values for these two parameters. The 
filter and control sections use the resulting 
error Information to control the system's motor. 


accuracy 
or several 
motors 
with 
reasonable speed and accuracy. Con- 
figurable 
I/O features 
and fast exe- 
cution 
times 
make 
the 
8096 and 
other state of the art controllers, the 
best vehicles for solving a variety of 
control problems. 
The architecture 
of microcontrol- 
lers also provides 
advantages 
over 
general-purpose 
microprocessors; 
position and velocity decoding, con- 
trol panel decoding, and output 
en- 
coding are simplified. Although 
the 
type of encoding 
and decoding de- 
pends on the characteristics 
of the 
system, 
the microcontroller 
should 
optimize the scheme employed. 
For 
example, 
a common system 
configuration 
uses a quadrature 
en- 
coder for position and velocity feed- 
back, a serial data link to the control 
panel or central computer, and a lin- 
ear amplifier to drive the motor. A 
quadrature 
encoder is used because 
it provides information 
on direction 
as well as speed of rotation 
(see Fig. 


8). The microcontroller 
derives the 
direction 
from 
the phase 
relation- 
ship of the pulse edges. By gating 
and counting pulses, it extracts 
the 
speed of rotation. 
However, the frequency of the en- 
coder is limited by the ability of the 
decoder 
to count 
and respond 
to 
pulses. If the processor 
is not fast 
enough, 
external 
counters 
under 


control 
of the processor 
must 
be 


used. Here too, the complexity of the 
algorithm 
chosen affects the perfor- 


mance of the controller 
needed. 


A minimum encoder period of 100 


I'S or greater 
allows most processors 


to execute a simple algorithm. 
As 


the algorithm 
increases 
in complex- 


ity, more cycles are required; 
thus 


less time 
is available 
between 
en- 


coder pulses 
to implement 
the 
al- 


gorithm. 
Although 
many clever al- 


gorithms 
and coding practices 
allow 


high levels of performance, 
the in- 


herent 
power of the controller 
in 


charge can be the deciding factor be- 
tween success and failure. 


Controller has many features 


The 809616-bit 
microcontroller 


from 
Intel, 
contains 
many of the 


high-level features 
needed to allow 


its use in many 
applications 
(see 


sidebar "Inside the 8096"). It is con- 
figured easily in a variety 
of ways, 


allowing 
it to tackle 
the 
various 


problems in different 
ways. For ex- 


ample, there are two ways its high- 
speed input/output 
unit 
(HSIO) can 


be used to monitor 
quadrature 
en- 


coding. 
One way uses an external 


counter, 
freeing 
one of the micro- 


controller's 
two internal 
counters 


for other functions. 


If only one motor 
is to be con. 


trolled and the two internal counters 


are 
used, 
timer 
2 counts 
the 
input 


pulses. 
This 
allows 
encoder 
periods 
as short 
as 4 p.s. When programm€,d 


to do so, the high-speed 
output 
unit 


(HSO) will interrupt 
when the timHr 
reaches 
a certain 
value. 
This 
:.s 
useful 
if 
a large 
number 
of 
ell- 


coder pulses will be received between 
changes 
of motor 
speed. 
The two timers 
playa 
major 
role 


when 
a motor 
is to be accelerated 


from 
a stop condition. 
The 
HSO in- 
terrupts 
the 
CPU when 
the 
motor 
reaches 
approximately 
75% 
of 
its 


maximum 
speed, 
thereby 
reducing 


the voltage 
to the motor for smooth 


and 
controlled 
acceleration 
to full 


speed 
(see Fig. 4). 


The 
initial 
application 
of high 


voltage means 
high starting 
current 


(thus 
torque). 
By changing 
voltage 


The lI088, Intel's most recently 
Introclucecl1trblt 
mlcrocontroller, 
went Into volume production 
last 
month. It combines a large num- 
ber of 100HIy coupled 
features, 
yielding a high flexible controller. 
The CPU at the heart of the &>96 
mlcrocontroller 
Includes a I'81JIs- 


ter file, a register 
ALU (RAL.U), 
and a control unit. 


The control 
unit contains Icglc 
arrays 
which 
decode 
RALU In- 
structions. 
The RALU is able to 
operate 
on any byte or worel in 
the register 
file. This ellmlnEltes 
accumulator 
bottfenecking, which 
occurs often In standard accumu- 
lator 
dominated 
architectures. 


InIIde the 10M 


Additionally, 
algorithms 
execute 
quicker because the design elimi- 
nates much of the data transferral 
necessary when a bottleneck 
ar- 
chitecture 
Is employed. 
Special 
I/O 
functions 
are ac- 
cessed through 
special 
function 
registers, 
which 
are certain 
re- 


served 
registers 
within 
the 
258 
bytes of RAM making up the reg- 
ilter file. Special function!! within 
the 8096 
include 
an AID 
con- 
verter, 
a pulse-width-modulator 
(PWM) output, a multi mode serial 
port, 
a watchdog 
timer, 
and a 
unique 
high-speed 
input/output 
(HSIO) unit. 


The 
HSIO 
consists 
of three 


,------------------------ 
I 
I 
I 
I 
I 


AID IN 
, 


I 
I 
I 
I 


WATCHDOG] 
I 


TIMER 
I 
I 


parts, the hlglHpeecl 
Input (HSI) 
unit, the high-speed output (HSO) 
unit, and two 1trblt 
timers 
(ana 


of which 
can be operated 
as a 
counter). The HSO's outputs and 
Interrupts can be synchronized 
to 
either of the timers. The start con- 
version command to the AID con- 
verter can be triggered under con- 
trol of the HSIO, as can recording 
the value of the timer when an 
Input took 
place. 
By using 
the 
HSIO to unburden 
the CPU, I/O 


'monltorlng 
routines are unneces- 
sary and throughput 
Is Increased. 


The 8096's CPU consists 
of a 256- 


byte ;"glster 
file, an RALU (register 


ALUJ. and the control 
unit. Support 


and control circuitry surrounding 
the 


CPU suit the chip 
to most control 


applications. 
-------------, 
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Fig. 3. An optical chopper olsk used 
as a quadrature encoder provides 
Information on both direction 
and speed of rotation. The phase 
relationships of the w(;,veforms 
determine direction, and their 
frequency determines velocity. 


at the appropriate 
time, the control- 
ler provides 
a smooth acceleration. 
If timer 1 is used in a free-runnin!l" 
mode with 
a cycle time of 1,(,. the 
oscillator 
period, velocity measurE- 
ments 
are 
available 
by measurin~ 
the time between counts of timer ~:. 


Two counters limit accuracy 
The use of two internal 
counters 
limits controller accuracy, especially 
when 
controlling 
a slowly movinl~ 
motor, which requ ires very carefu I 
adjustment 
of the current. 
It is pos- 
sible for a slow motor to accidentl:r 
reverse, 
providing 
an 
incorrect 
count. 
Although 
external 
circuitry 
can be used to trigger 
an interrupt 
under 
these 
conditions, 
a software 
solution 
is much more elegant. 
The 8096 can use its high-speed 
input unit 
(HSI) 
with 
an external 
counter 
to monitor 
the quadrature 
encoder in a second way: a flexible 
interrupt 
structure 
allowing 
inter. 
rupts 
under 
four 
conditions-by 
only a positive-edge 
transition, 
only 
a negattve-edge 
transition, 
a trans i·· 


tion in either 
direction, 
or the oc·· 


currence 
of eight 
positive 
edges. 


By selecting 
the 
proper 
detectior.. 


method, the software 
maximizes thE> 


time available 
to execute the algo- 
rithm. 
If the pulses are generated 
at a high rate, the eight-pulse 
mode 


gives the CPU more time between in- 
terrupts. 
If the pulses 
are 
slow, 
detection 
of every edge allows the 
highest degree of accuracy. 
Direction is determined by setting 
the HSI to trigger 
on the falling edge 
of phase A of the waveforms in Fig. 
3. If phase B is a logic 1, then the 
direction 
is clockwise; 
otherwise 
it 
is counter-clockwise. 
By freeing up an internal counter, 
this configuration 
helps in the trans- 
fer 
of parallel 
asynchronous 
data. 
For example, when the 
HSI is used 
to store eight input strobes to a FIFO 
buffer with a depth of 16 locations, 
an interrupt 
at the eighth pulse will 


allow a high-speed 
burst 
transfer. 


This 
scheme 
increases 
bus band- 
width 
and 
provides 
an efficient 
means of asynchronous 
interfacing. 


Positioning exactly 


Although 
digital 
information 
is 
easily handled by the HSIO, exact po- 
sitioning may require the use of ana- 
log signals 
and components. 
Fre- 


quently, a digital 
system will posi- 
tion roughly, 
through 
the digital 


means, and use an analog system for 
finer 
positioning 
and holding 
the 


system at exact zero location. Since 


~/g. L. I ne I1U::Ib runcllons well as me 
heart of a motor-control 
system. 


Needing few support circuits,lt 
can 
control one motor with a high degree 
of accuracy or several motors with 
reasonably good accuracy. 


PHASE A 


PHASE B 


COUNTERCLOCKWISE 


PHASEA~ 


PHASEB~ 


INSIOE TRACK GENERATESPHASE A 


OUTSIDE TRACK GENERATESPHASE B 


this 
system 
configuration 
locks on 
the zero crossing 
of the error 
sig- 
nal, it is referred to as a lock-on-edge 
system. 
The 8096 provides eight AID chan- 
nels. A 10-bit resolution is attainable 
in 42 /,s. The AID converter 
can be 
programmed 
to start 
under control 
of the HSO and to interrupt 
the CPU 
at the end of conversion. Monitored 
signals 
can be varying 
voltages 
or 
currents 
representing 
tachometer 
feedback, 
pressure 
information, 
or 
for lock-on-edge systems. 


Improving accuracy 
By using the converter to perform 
a lock-on-edge function, 
higher 
ac- 
curacy 
is attainable 
without 
addi- 


tional components. An encoder must 
be used to supply triangular 
wave 
outpu ts as opposed to square waves, 
but this is generally no problem. 


Using this method, the motor can 
be positioned 
to within 
a fraction 
of a normal 
encoder 
increment. 
A 
typical command to this type of sys- 
tem consists of the number of pulses 
the motor 
is to be moved and the 
final voltage on the converter. 
With the encoder configured 
for 
maximum resolution, 
the microcon- 


troller can implement the desired al- 
gorithm. To effectively drive the mo- 
tor, it uses a pulse-wiclth-modulation 
scheme 
that 
generates 
an analog 
output. 
An 8-bit tim~r controls 
the 


PWM output 
by turning 
the output 
on when 
the 
timer 
overflows 
and 
turning 
it 
off 
when 
the 
timer 
matches the contents 
of an internal 


PWM register. 
Since incrementinlr 
of the timer 
occurs every clock c~'cle, a 12-MHz 
clock input results 
in a 64-/,s period 
of the 
PWM waveform. 
It is neces- 
sary to buffer and amplify the 
PWM 
output, 
and dependin.g on the motor 
and amplifier, 
an RC filter may be 
used to smooth out the output. 
Another means of generating 
ana- 
log voltages 
uses the 
HSO to toggle 
at the desired 
times. The disadvan- 
tage of this techniqw~ is only eight 
operations 
can be pending in the HSO 
at anyone 
time. This means that the 
CPU is more loaded down than when 
the 
PWM section 
is used. Although 
CPU time may suffer, this method al- 
lows up to six analog outputs 
to be 
generated. 
This 
technique 
may be 
necessary 
if the 
PWM register 
is al- 
ready used for another 
function. 
0 


Fig. 4. The Iterative process of 
control loops around while monitor- 
Ing change requests from the control 
panel. Varying the applied voltage 
to the motor in 8 predotermined 
way, as shown in the table, smoothes 
acceleration 
and decl./eration. 
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% oltotal 
Current count 
% of full 
pulses 
of pu/SII 
voItIgI 


75% 
7.500 
100% 


85% 
8.500 
SO'1o 


90% 
9.000 
25% 


95% 
9.500 
10% 


97% 
9.700 
04% 


100% 
10,000 
00% 
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• 
Choice 
of Hosts 


• 
MCS®-96 Software 
Support 
Package 


• 
C-96/196 
Software 
Package 


• 
Supports 
All Members 
of the MCS-96 
Family 


• 
PL/M-96 
Software 
Package 


• 
Symbolic 
relocatable 
a!lsembly 
language 
programming 
for the 8096 
microcontroller 
family 


• 
System 
Utilities for Pro!~ramLinking 
and Relocation 


• 
Extends 
Intellec® 
Microcomputer 
Development 
System 
to support 
8096 program 
development 


• 
Encourages 
modular 
program 
design 
for maintainability 
and reliability 


The 8096 Software 
Support 
Pacl<age provides 
development 
system support for the 8096 family of 16-bit single 
chip microcomputers. 
The support 
package 
includes 
a macro assembler 
and system 
utilities. 


The assembler 
produces 
relocatable 
object 
modules 
from 8096 macro assembly 
language 
instructions. 
The 
object 
modules 
then are linked and located 
to absolute 
memory 
locations. 


o 
o 


INTEL 
DEVELOPMENT 


TOOLS 
AND 
OTHER 


PRODUCTS 


USEA-eOOED 
SOFTWARE 


inter 


• 
Gives Symbolic 
Access 
!to Powerful 
8096 Hardware 
Features 


• 
Object 
Files are linkablE! and Locatable 


• 
Symbolic 
Assembler 
Supports 
Macro 
Capabilities, 
Cross Reference, 
Symbol 
Table and Conditional 
Assembly 


ASM-96 
is the macro assembler 
for the MCS family of microcontrollers, 
including 
the 80C196. 
ASM-96 
trans- 


lates 
symbolic 
assembly 
langua!~e mnemonics 
into relocatable 
object 
code. 
Since 
the object 
modules 
are 
linkable 
and locatable, 
ASM-96 
Elncourages 
modular 
programming 
practices. 


The macro facility in ASM-96 
allows programmers 
to save development 
and maintenance 
time since common 
code sequences 
only have to bE' done once. The assembler 
also provides 
conditional 
assembly 
capabilities. 


ASM-96 
supports 
symbolic 
acceBS to the many features 
of the 8096 architecture. 
An "include" 
file is provided 
with all of the 8096 
hardware 
mgisters 
defined. 
Alternatively, 
the user can define 
any subset 
of the 8096 
hardware 
register 
set. 


• 
Links Modules 
GeneratEid by 
ASM-96, 
C-96, and PL/PtII-96 


• 
Locates 
the Linked Objl~ctModule to 
Absolute 
Memory 
Locations 


• 
Encourages 
Modular 
Programming 
for 
Faster Program 
Development 


• 
Automated 
Selection 
of Required 
Modules 
from Libraries 
to Satisfy 
Symbolic 
References 


RL96 is a utility that performs 
two functions 
useful in MCS-96 
software 
development: 


- 
The link function 
which combines 
a number 
of MCS-96 object 
modules 
into a single program. 


- 
The locate functions 
which assigns an absolute 
address 
to all relocatable 
addresses 
in the MCS-96 object 
module. 


RL96 resolves 
all external 
symbol 
references 
between 
modules 
and will select 
object 
modules 
from 
library 
files if necessary. 


RL96 creates 
two files: 


- 
The program 
or absolute 
object 
module 
file that can be executed 
by the targeted 
member 
of the MCS-96 
family. 


- 
The listing file that shows tho results of link/locate, 
including 
a memory 
map symbol table and an optional 
cross reference 
listing. 


The relocator 
allows programml~rs 
to concentrate 
on software 
functionally 
and not worry about the absolute 
addresses 
of the object code. RI_96 promotes 
modular programming. 
The application 
can be broken down into 
separate 
modules 
that are easiElr to design, test and maintain. 
Standard 
modules 
can be developed 
and used 


in different 
applications 
thus saving software 
development 
time. 


inter 


• 
Implements 
IEEE Floating 
Point 
Arithmetic 


• 
Basic Arithmetic 
Operations 
+, -, x, I, Mod Plus SI~uareRoot 


• 
Supports 
Single Precision 
32 Bit 
Floating 
Point Variables 


• 
Includes 
an Error Handler 
Library 


FPAL96 
is a library 
of single 
precision 
32-bit 
floating 
point 
arithmetic 
functions. 
All math 
adheres 
to the 
proposed 
IEEE floating 
point sta.ndard for accuracy 
and reliability. 
An error handler 
to handle 
exceptions 
(for 
example, 
divide by zero) is included. 


ADD 


SUBTRACT 


MULTIPLY 


DIVIDE 


COMPARE 


NEGATE 


ABSOLUTE 


SQUARE 
ROOT 


INTEGER 


REMAINDER 


The 
LIB 96 utility 
creates 
and 
r1aintains 
libraries 
of software 
object 
modules. 
The 
customer 
can develop 
standard 
modules 
and place ther1 in libraries. Application 
programs 
can then call these modules 
using prede- 
fined interfaces. 


LIB 96 uses the following 
set of commands: 


-CREATE: 
Creates 
an empty library file. 


-ADD: 
Adds object 
modult3s to a library file. 
-DELETE: 
Deletes 
object 
modules 
from a library file. 
-LIST: 
Lists the modules 
in the library file. 


-EXIT: 
Terminates 
LIB 96 


When using object 
libraries, 
RL96 will include 
only those 
object 
modules 
that are required 
to satisfy 
external 
references, 
thus saving memory 
space. 


Order 
Code 


D86ASM96 


Operating 
Envlro,nment 


96 Assembler 
for PC DOS 3.0 Systems 


Documentation 
Package: 


MCS-96 
Macro Assembler 
User's Guide 
MCS-96 
Utilities 
User's Guide 
MCS-96 Assembler 
and Utilities 
Pocket 
Reference 
Card 
8096 Floating 
Point Arithmetic 
Library 


Hotline 
Telephone 
Support, 
Software 
Performance 
Report 
(SPR), 
Software 
Updates, 
Technical 
Re- 
ports, and Monthly 
Technical 
Newsletters 
are avail- 
able. 


inter 


• 
Choice 
of Hosts 


• 
Block Structured 
Langua!~eDesign 
Encourages 
Module Programming 


• 
Provides 
Access 
to 8096 on Chip 
Resources 


• 
Produces 
Relocatable 
Object Code 
which is Linkable 
to Object 
Modules 
Generated 
by Other 8096 Translators 


• 
Resident 
on 8086 Intel Microcomputer 
Development 
Systems 
for Higher 
Performance 


• 
Includes 
a Linking and Relocating 
Utility and the Library Manager 


• 
IEEE Floating 
Point Library 
included 
for 
Numeric Support 


• 
Compatible 
with PL/M-86 
Assuring 
Design Portability 


PL/M-96 is a structured, high-levE'fprogramming language useful for developing software for the Intel 8096 
family of microcontrollers, includin!l the 80C196. PLlM-96 was designed to support the software requirements 
of advanced 16 bit microcontrollms. Access to the on chip resources of the 8096 has been provided in 
PL/M-96. 
. 


PL/M-96 is compatible with PLlM-86. Programmers familiar with PLIM will find they can program in PLlM-96 
with little relearning effort. 


The PL/M-96 compiler translates F'L/M-96 high level language statements into 8096 machine instructions. By 
programming in PLIM an enginee' can be more productive in the initial software development cycle of the 
project. PL/M can also reduce futJre maintenance and support cost because PL/M programs are easier to 
understand. PL/M-96 was designed to complement Intel's ASM-96. 


o 
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"'TEL 
DEVELOPMENT 


TOOLS 
AND 
OTHER 
PRODUCTS 


USER·COOED 
SOFTWARE 


Major 
features 
of the 
PL/M-96 
compiler 
and 
pro- 
gramming 
language 
include: 


Structured 
Programmin~1 


Programs 
written 
in PLlM-96 
a.re developed 
as a 
collection 
of procedures, 
modules 
and blocks. Struc- 
tured 
programs 
are easier 
to understand, 
maintain 
and debug. 
PL/M-96 
programs 
can be made 
more 
reliable 
by clearly 
defining 
the 
scope 
of user vari- 
ables 
(for example, 
local variables 
in a procedure). 
REENTRANT 
procedures 
are 
also 
supported 
by 
PLlM-96. 


Language Compatibility 


PL/M-96 
object modules 
are compatible 
with all oth- 
er object 
modules 
generated 
by Intel MCS-96 trans- 
lators. 
Programmers 
may 
choose 
to 
link 
ASM-96 
and PL/M-96 
object 
modules 
tOllether. 


PL/M-96 
object 
modules 
were 
designed 
to 
work 
with other 
Intel support 
tools 
for the MCS-96. 
The 
DEBUG 
compiler 
control 
providl3S these 
tools 
with 
symbolic 
information. 


PLlM-96 
supports 
seven data types for programmer 
flexibility 
in various 
logical, 
arithmetic 
and address- 
ing functions. 
The seven data types include: 


-BYTE: 
a-bit unsignHd number 


-WORD: 
16-bit unsignl3d number 


-DWORD: 
32-bit unsignl3d number 


-SHORTINT: 
a-bit signed 
number 


-INTEGER: 
16-bit signed 
number 


-LONGINT: 
32-bit signed 
number 


-REAL: 
32-bit floating 
point number 


Another 
powerful 
feature 
are 
BASED 
variables. 
BASED variables 
allow the user to map more than 
one variable 
to the same 
memory 
location. 
This is 
especially 
useful 
for 
passing 
parameters, 
relative 
and absolute 
addressing, 
and memory 
allocation. 


Two 
data 
structuring 
facilities 
are 
supported 
by 
PL/M-96. 
The 
user can 
organize 
data 
into 
logical 
groups. 
This adds flexibility 
in referencing 
data. 


- 
Array: Indexed 
list of same type data elements 


- 
Structure: 
Named collection 
of same or different 
type data elements 


- 
Combinations 
of 
Both: 
Arrays 
of structures 
or 
structures 
of arrays 


Interrupt 
Handling 


Interrupts 
are supported 
in PLlM-96 
by defining 
a 
procedure 
with the INTERRUPT 
attribute. 
The com- 
piler will generate 
code to save and restore 
the pro- 
gram status word when handling 
hardware 
interrupts 
of the MCS-96. 


Compile 
time options 
increase 
the flexibility 
of the 
PL/M-96 
compiler. 
These 
controls 
include: 


- 
Optimization 


- 
Conditional 
compilation 


- 
The inclusion 
of common 
PLlM-96 
source 
files 
from disk 


- 
Cross reference 
of symbols 


- 
Optional 
assembly 
language 
code 
in the listing 
file 


inter 
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The PL/M-96 
compilers 
has four levels of optimiza- 


tion for reducing 
program 
size. 


- 
Combination 
of constant 
expressions; 
"Strength 
reductions" 
(e.g.: a shift left rather than multiply 
by two) 


- 
Machine 
code 
optimizations; 
131imination of su- 


perfluous 
branches; 
reuse of duplicate 
code, re- 


moval of unreachable 
code 


- 
Overlaying 
of on chip RAM variables 


- 
Optimization 
of based variable 
operations 


- 
Use of short jumps where 
pos~;ible 


An extensive 
list of built in functions 
has been sup- 


plied 
as 
part 
of 
the 
PLlM-96 
language. 
Besides 


TYPE 
CONVERSION 
functions, 
there 
are 
built 
in 


functions 
for STRING 
manipulations. 
Functions 
are 


provided 
for 
interrogating 
the 
MCS-96 
hardware 


flags such as CARRY 
and OVERF _OW. 


Error Checking 


If the PL/M-96 
compiler 
detects 
a programming 
or 


compilation 
error, 
a fully detailed 
Hrror message 
is 


provided 
by the compiler. 
If a syntclX or program 
er- 


ror is detected, 
the compiler 
will skip the code gen- 


eration 
and 
optimization 
passes. 
This 
powerful 


PLlM-96 
feature 
can yield a two times 
increase 
in 


throughput 
when a user is in the initial program 
de- 


velopment 
cycle. 


PLM-96 is designed 
to be an efficient, 
cost-effective 


solution 
to the special 
requirement:, 
of MCS-96 
Mi- 


crocontroller 
Software 
Development, 
as illustrated 


by the following 
benefits 
of PL/M 
use: 


PL/M-96 
is easy to learn and to u:,e, even for the 


novice 
programmer. 


Critical 
projects 
are 
completed 
much 
earlier 
than 


otherwise 
possible 
because 
PL/M-!~6, 
a structured 


high-level 
language, 
increases 
programmer 
produc- 


tivity. 


Increases 
in programmer 
productivity 
translate 
im- 


mediately 
into 
lower 
software 
development 
costs 


because 
less programming 
resources 
are required 


for a given programmed 
function. 


Increased 
Reliability 


PLlM-96 
is designed 
to aid in the development 
of 


reliable 
software 
(PL/M 
programs 
are simple 
state- 


ments 
of the program 
algorithm). 
This substantially 


reduces 
the risk of costly correction 
of errors in sys- 
tems 
that 
have 
already 
reached 
full 
production 


status. 
The more simply 
the program 
is stated, 
the 
more likely it is to perform 
its intended 
function. 


Easier Enhancements 
and Maintainance 


Programs 
written 
in PLIM 
tend to be self-document- 


ing, thus easier to read and understand. 
This means 


it is easier to enhance 
and maintain 
PL/M 
programs 
as the system 
capabilities 
expand 
and future 
prod- 


ucts are developed. 


Order 
Code 


D86PLM96 


Operating 
Environment 


PL/M-96 
Compiler 
for PC DOS 3.0 
based Systems 


Documentation 
Package 


PL/M-96 
User's Guide 
MCS-96 
Utilities 
User's 
Guide 
MCS-96 Assembler 
and Utilities Pocket 
Reference 
Card 
8096 Floating 
Point Arithmetic 
Library 


Hotline 
Telephone 
Support, 
Software 
Performance 


Report 
(SPR), 
Software 
Updates, 
Technical 
Re- 


ports, and Monthly 
Technical 
Newsletters 
are avail- 


able. 


• 
Implements 
the Full Pmgramming 
Capabilities 
of the C L21nguage 


• 
Complies 
with Draft ANISI Standard 


• 
Produces 
Relocatable 
Object Code 
which is Linkable 
to Object 
Modules 
Generated 
by Other MC:S®-96 
Translators 


• 
Produces 
High-Density 
Code That 
Rivals Assembly 
in Effil::iency 


• 
Fully Linkable 
with the PL/M-96 
and 
ASM-96 
Programming 
Languages 


• 
IEEE Floating 
Point Library (FPAL96) 
Included 
for Numeric 
Support 


• 
Supports 
All of the Standard 
C 
Language 
I/O 
Library (STDIO) 


• 
Includes 
a Linking and Relocating 
Utility, an Object- To-Hexadecimal 
Convertor, 
and a Library 
Manager 


• 
Supports 
the 80C196 
Architecture 


Intel's 
C 96 is a general 
purpose, 
structured 
programming 
language 
designed 
to support 
applications 
for the 
16-bit family of MCS-96 microcontrollers 
including 
the 80C196. 
C 96 implements 
the C language 
as described 
in the Kernighan 
and Ritchie book, 
The C Programming 
Language 
(Prentice-Hall) 
Software 
Series, 1978). The 
latest enhancements 
to the C programming 
language 
as defined 
by the draft proposed 
ANSI C standard 
(e.g., 


structure 
assignments, 
and the void and enum data types) are supported. 


The C 96 compiler 
translates 
c: 96 language 
statements 
into 
MCS-96 
machine 
instructions. 
The 
compiler 
generates 
code 
in Intel's 
relocatable 
Object 
Module 
Format 
(OMF) without 
using an intermediate 
assembly 
file. The OMF files can then be debugged 
using either the iSBE-96 emulator, 
the VLSiCE-96 
emulator, 
or the 
ICE-196 


oo 
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USER-CODED 


SOFTWARE 


inter 


/ 


C 96 COMPILER 


Major features 
of the C 96 compilor 
include the pre- 
processor, 
the parser, 
and the code generator 
and 
optimizer. 
The code is output in Intel relocatable 
Ob- 
ject Module 
Format 
(OM F). The compiled 
code can 
then be debugged 
with either the iSBE-96 
emulator 
or the VLSiCE-96 
emulator. 


The 
preprocessor 
interprets 
statements 
in 
the 
source 
code 
and performs 
such 
actions 
as macro 
expansion, 
file inclusion, 
and conditional 
compilation 
(for example, 
the· #if 
directive, 
which 
specifies 
op- 
tional inclusion 
or exclusion 
of code). 


The 
parser 
performs 
syntactic 
and 
semantic 
error 
checking 
on the code. The code gl9nerator converts 
the 
parser's 
output 
into efficient 
binary 
code. 
The 
optimizer 
streamlines 
the code and generates 
Intel 
relocatable 
OMF code, without 
cre'ating an interme- 
diate assembly 
file. 


The 
compiler's 
DEBUG/NODEBUG 
control 
option 
specifies 
whether 
or not the objec:t module 
should 
contain 
debug 
information. 
The 
debug 
information 
can be used to debug 
the compilod 
program 
using 
either the iSBE-96 
emulator 
or the VLSiCE-96 
emu- 
lator. 


Some of the features 
of the C 96 compiler 
are: 


• 
Declarations 


• 
Expressions 
and operators 


• 
Statements 


• 
Run-time 
library (STDIO) 


• 
Compiler 
invocation 


• 
Output 
conventions 


Each of these features 
is discussed 
in the following 
sections. 


Declarations 
are used to specify 
t~e attributes 
of a 
set of identifiers. 
The scope of a declaration 
can en- 
compass 
the entire source 
file or bl3 local to a func- 


tion body or block. 


The storage 
class specifier 
defines 
the location 
and 
scope. The storage 
classes 
are as follows: 


• auto 


• extern 


• static 


• typedef 


active block 


external 
data definition 


active data segment 
or register segment 


a type definition 
(not storage 
allocation) 


that defines another 
name or a synonym 


The storage 
class can be further defined 
with one of 
the following 
storage 
class modifiers: 


• const 


• 
register 


• volatile 


code segment 


machine 
register 


1/0 
port 
(modifies 
the 
extern 
storage 
class only) 


Identifiers 
are defined 
by their type. 
The types 
fall 
into one of the following 
categories: 


• 
basic 
characters, 
integers, 
floating 
point 
numbers 


• derived 
arrays, 
structures, 
unions, 
enumera- 
tions, functions, 
and pointers 


• void 
empty set 


The 
type 
is further 
defined 
by the 
following 
type 
specifiers: 


• 
char, short, int, long, signed, unsigned, 
float, dou- 
ble, struct, 
union, enum, and typedef 


All of the C language 
expressions 
and operators 
are 
supported 
by Intel's C 96 compiler. 
Table 1 is a sum- 


mary of the C operators, 
arranged 
in order of prece- 
dence 
(from 
top to bottom). 
Operator 
precedence 
within an expression 
is evaluated 
in the order of as- 
sociativity 
shown 
in Table 
1. 


A statement 
is a program 
element 
that specifies 
an 
action 
to be performed. 
The 
C language 
supports 
the following 
types of statements: 


• Simple 
any valid expression 


• Compound 
an 
optional 
list 
of variable 
declara- 


tions followed 
by a list of statements 


inter 


• 
Selection 
an if or switch 
statement 
which 
is op- 
tionally 
included 
dependent 
on speci- 
fied conditions 


• 
Iteration 
a do, while or for statement 
which exe- 
cutes 
repeatedly 
until 
the 
controlling 
value is zero 


• 
Branching 
a 
break, 
continue, 
goto, 
or 
return 
statement 
which changes 
the program 
control 
flow 


Class 
Operator 
Associativity 


primary 
[I ( ) 
-+ 
leltto 
right 


unary 
++ 
-- 
& . + - - 
right to left 


sizeol 
lar 


binary mult. . 1 
% 
left to right 


binary add 
+ - 
left to right 


binary shift 
« 
» 
left to right 


binary relat. 
< 
> 
<= 
>= 
left to right 


binary equal. -- 
= 
left to right 


bitwise AND 
& 
left to right 


bitwiseXOR 
II 
left to right 


bitwise OR 
1 
left to right 


logical AND 
&& 
left to right 


logical OR 
II 
feftto 
right 


conditional 
? : 
rig ht to left 


assignment 
= .- 
1= 
0/0= 
+,= 
- = 
right to left 


«=+ 
»=&= 
11= 1= 
right to left 


comma 
felt to right 


RUN-TIME 
LIBRARY 
(STOIO) 


Intel's 
C 96 compiler 
supports 
'the standard 
C lan- 
guage 
I/O 
library 
functions 
(STDIO). 
The 
include 
files listed in Table 2 are included 
with the C 96 com- 
piler. 


Name 
Description 


ctype.h 
Used to declare 
an(j map characters. 
errno.h 
Used for error checking. 
setjump.h 
Used to bypass a normal call/return. 
stdio.h 
Used for standard 
I/O functions. 
string.h 
Used to manipulate 
strings. 
time.h 
Used to manipulate 
the time and date. 


Character 
and 
arithmetic 
conversion 
functions 
are 
also included 
(atof, atoi, atol, cstr, to lower, toupper, 
and udistr). 


Intel's 
C 96 compiler 
is invoked 
with the following 
general 
syntax: 


The following 
invocation 
controls 
are some 
of the 
options 
supported 
by the C 96 compiler. 


• 
Object 
file controls-DEBUG/NODEBUG, 
OBJECT, 
OPTIMIZE 
(0 through 
3), REGIS- 
TERS, REGOVERLA Y/NOREGOVERLA 
Y, 
TYPE/NOTYPE 


• 
Listing controls 
(selection 
and content)-CODE/ 
NOCODE, 
CONDINOCOND, 
LIST 1N0LlST, 
L1STINCLUDEINOLISTINCLUDE, 
PREPRINT / 
NOPREPRINT, 
SYMBOLSINOSYMBOLS, 
XREF/NOXREF 


• 
Listing 
format 
controls-PAGINGINOPAGING, 
PAGELENGTH, 
PAGEWIDTH 


• 
Source 
inclusion 
control-INCLUDE 


The 
REENTRANT 
/NOREENTRANT 
extension 
has 
been added to the C 96 compiler 
invocation 
controls 
to enhance 
the compiler's 
use of the MCS-96 archi- 
tecture. 
This extension 
enables 
the compiler 
to fully 
use the large register 
set of the 
MCS-96 
family 
of 
microprocessors. 
When porting to programs 
in other 
environments, 
these 
keywords 
should 
be either 
re- 
moved 
or defined 
as null. 


The C 96 compiler 
produces 
a listing file and an ob- 
ject file. The listing 
file contains 
a formatted 
list of 
the source 
code 
and a list of compiler 
error 
mes- 
sages. 
The compiler 
produces 
the object 
file in In- 
tel's relocatable 
OMF code directly, 
without 
creating 
an intermediate 
assembly 
file. 


There 
are many 
benefits 
to the C 96 compiler, 
as 
explained 
in the following 
sections. 


With the DEBUG control the C 96 compiler 
produces 
extensive 
debug information, 
including 
symbols. 
The 
debug 
information 
can be used to debug 
the 
pro- 
gram 
code 
with 
either 
the 
VLSiCE-96 
emulator 
or 
the iSBE-96 
emulator. 
This serves 
to enhance 
pro- 
grammer 
productivity. 


The C 96 compiler 
creates 
Intel object 
module 
for- 


mat (OMF) directly, 
without 
creating 
an intermediate 


assembly 
file. This increases 
the ,:ompiler's 
execu- 


tion speed. 


Code 
portability 
has been 
designed 
into the C 96 


compiler. 
The C 96 code 
is fully linkable 
with both 


the 
PLlM-96 
and 
the 
ASM-96 
programming 
lan- 


guages. 


Because 
the 
compiler 
supports 
the 
standard 
C li- 


brary and produces 
Intel OMF code, 
programs 
de- 


veloped 
on a variety of machines 
can be transported 


to the MCS-96. 
In addition, 
because 
C 96 conforms 


to 
accepted 
C language 
standards, 
programmers 


can quickly 
begin programming 
th,e MCS-96. 


FULL MANIPULATION 
OF THE I~096 


MICROCONTROLLER 


The C 96 compiler 
has been highll' optimized 
for the 


MCS-96 
architecture. 
The REENTRANT 
/NOREEN- 


TRANT 
control 
has been added so that the compiler 


can 
identify 
non-reentrant 
prooedures. 
This 
is ex- 


tremely 
useful 
because 
it enableB 
the programmer 


to have full access 
to the large MGS-96 register 
set. 


With the C 96 compiler, 
the programmer 
can declare 


register 
variables 
that 
are not 
local 
to any proce- 


dure. 
Due to the large 
register 
set of the 
MCS-96 


architecture, 
the compiler 
can dedicate 
registers 
to 


such variables. 


Intel's 
Software 
Support 
Service 
provides 
mainte- 


nance 
on software 
packages 
with software 
support 


contracts 
which 
include 
subscription 
services, 
infor- 


mation 
phone 
support, 
and 
updates. 
Consulting 


services 
can be arranged 
for on-site 
assistance 
at 


the 
customer's 
location 
for 
both 
short-term 
and 


long-term 
needs. For more information, 
contact 
your 


local Intel Sales Office. 


Part Number 


D86C96 


Description 


C 96 Software 
Package 


PL/M-96 
packages 
also 
include 
the 


RL96 
Linker 
and 
Relocator, 
the 


FPAL96 
Floating 
Point 
Library, 
and 


the L1B96 librarian 
utility. 


Operating 
Environment 


IBM PC AT 


IBM PC XT 


iSBE·96 DEVELOPMENT KIT 
SINGLE BOARD EMULATOR AND ASSEMBLER 
FOR THE MCS@·96 FAMILY OF MICROCONTROLLERS 


• 
Hosts 
-Intellec® 
Series 
III/IV' Development 
Systems 
-IBM* 
PC AT, PC XT, und Compatibles 
(3.0) 


• 
Eight Software 
Executicln Breakpoints 
That Can Selectively 
Be Turned 
On and 
Off 


• 
12 MHz Emulation 
Spee1c! 


• 
Single Line Assembler/Disassembler 


• 
MCS®-96 Software 
Support 
Package 


• 
Conflgurable 
Serial I/O 


• 
17.75 of On-Board 
User Memory 


• 
Optionally 
Expandable 
to 64K of On- 
Board User Memory 


The iSBE-96 emulator supports the execution and debugging of programs for the MCS-96 family of microcon- 
trollers at speeds up to 12 MHz. The MCS-96 family configurations are shown in Table 1. The iSBE-96 
emulator consists of an 8097 microcontroller, a serial port and cables, and an EPROM-based monitor that 
controls emulator operation and the user interface. 


The iSBE-96 emulator is a combination of hardware and software that permits programs written for the 
MCS-96 family of microcontrollers to be run and debugged in the emulator's artificial environment or in the 
user's prototype system. As a result, development time can be reduced by the early integration of hardware 
and software. 


inter 


Integrated 
Hardware 
and Software 
Development 


The iSBE-96 emualtor 
allows hardware 
and software 


development 
to 
proceed 
simui'taneously. 
This 
ap- 


proach 
is more time- and cost-effective 
than the al- 
ternate 
method: 
independent 
hardware 
and 
soft- 


ware 
development 
followed 
by system 
integration. 


With the iSBE-96 
emulator, 
prot<:>type hardware 
can 


be added 
to the system 
as it is designed; 
software 


and hardware 
integration 
occurs while the product 
is 


being developed. 
The emulator 
aids in the recogni- 


tion of hardware 
and software 
problems. 


Emulation 
is the controlled 
exe<:ution of the proto- 


type software 
in the prototype 
hardware 
or in an arti- 


ficial 
hardware 
environment 
that duplicates 
the mi- 


crocontroller 
of the prototype 
sl'stem. 
The iSBE-96 


emulator 
permits 
reading 
and 
writing 
of 
system 


memory, 
and control 
of program 
execution. 
The em- 


ulator also allows interactive 
debugging 
of the proto- 


type software 
and can externally 
control 
program 
ex- 


ecution 
while 
operating 
in the 
prototype 
system. 


When the prototype 
system 
memory 
is not yet avail- 


able, the iSBE-96 
emulator's 
on ..board memory 
per- 
mits software 
debugging. 


Table 1. The Configurations 
of the MCS®·96 
Family of Microcontrollers 


68 Pin 
48 Pin 


ROMLESS 
8096 


Digital 1/0 
ROM 
8396 


EPROM 
8796 


ROMLESS 
8097 
8095 


Analog and 
ROM 
8397 
8395 
Digital 1/0 
EPROM 
8797 
8795 


The iSBE-96 
emulator 
software 
is available 
for use 


with the following 
host systems: 


• 
Intellec 
Series III and Series IV development 
sys- 


tems 


• 
IBM PC/AT 
and PC/XT 
computer 
systems 


The 
iSBE-96 
emulator 
software 
is also 
available 


from 
U S Software' 
for use on the 
Intel 
Personal 


Development 
System 
(iPDSTM) and the Intellec 
Se- 
ries II development 
system. 


'NOTE: 


U S Software 
is a registered 
trademark 
of United 


States Software 
Corporation. 


The iSBE-96 
emulator 
is supplied 
with a driver rou- 


tine that communicates 
with the monitor 
software 
on 


the iSBE-96 emulator 
board through 
serial channel 
1 


or 2 (com1/com2). 
The 
driver 
interrupts 
the 
8097 


using the non-maskable 
interrupt 
(NMI) 
line for in- 


coming 
keyboard 
input. The commands 
associated 


with the driver and the monitor 
are described 
in the 


following 
sections. 


iSBE-96 emulator 
is shipped 
with driver software 
for 


use on the Series 
1I1/1V development 
systems 
and 


the IBM PC AT/XT 
running 
PC DOS, version 
3.0 or 


greater. 
The driver software 
provides 
a few easy-to- 


use commands. 
These 
commands 
are described 
in 


Table 2. ASM/DASM 
available 
on DOS version 
only. 


Driver Command 
Function 


ASM 
Loads memory with MCS-96 
assembly 
mnemonics. 


DASM 
Displays memory as MCS-96 
assembly 
mnemonics. 


EXIT 
Exits the driver and returns to 
the host operating 
system. 


<CONTROL> 
C 
Same as for the EXIT 
command. 


HELP 
Displays the syntax of all 
commands. 


INCLUDE 
Specifies 
a command 
file. 


<CONTROL> 
I 
Turns the command 
file on 


and off. 


<TAB> 
Same as <CONTROL> 
I 


(turns the command 
file on 


and off). 


LIST 
Specifies 
a list file. 


<CONTROL> 
L 
Turns list file on and off. 


<CONTROL> 
S 
Stops scrolling 
of the screen 


display. 


<CONTROL> 
Q 
Resumes 
scrolling 
of the 


screen display. 


<CONTROL> 
X 
Deletes the line being 
entered. 


<ESCAPE> 
Aborts the command 
executing. 


The 
iSBE-96 
monitor 
performs 
the 
following 
func- 


tions: 


• 
Loads and saves user programs. 


• 
Independently 
emulates 
user programs. 


Monitor 
Command 


BAUD 
BR 
Sets up the baud rate. 
Permits display and setting of 
up to eight sc,ftware 
breakpoints. 
Permits display and changing 
of a single byte or range of 
bytes of memory or a single 
byte of the 8097 internal 
registers. 
Permits display and changing 
of a series of memory words 
or bytes. 
Stops scrolling 
of the screen 
display. 
Resumes 
scr,:>lIing of the 
screen display. 
Deletes the line being 
• 


entered. 
Aborts the command 
executing. 
Begins emulation 
and 
continues 
until an enabled 
breakpoint 
is reached or the 
escape 
key is pressed. 


Loads programs 
and data 
from disks. 
Permits mapping of several 
preprogrammed 
memory 
maps; also permits 
configurable 
serial I/O and 
selective 
servicing 
of the 
watchdog 
timl3r. 


Displays and c:hanges the 
program counter. 
Displays and c:hanges the 
program 
status word. 
Resets the 8096 to power-up 
conditions. 
Saves programs 
and data to 
disks. 
Displays and changes 
the 
stack pointer. 
Provides singl e-step 
emulation 
wittl selective 
display formats. 
Displays the monitor version 
number. 
Permits display and changing 
of a single word or range of 
words of memory or a single 
word of the 8097 internal 
registers. 


• 
Examines 
registers. 


• 
Maps the file capabilities 
of the serial ports (DS/ 


DT). 


• 
Maps different 
memory 
configurations. 


Integrating 
Hardware 
and Software 


When the prototype 
system 
hardware 
is developed, 


the 
iSBE-96 
emulator 
interfaces 
to 
the 
prototype 


through 
two 50-pin ribbon cables. 
The emulator 
can 
then execute 
code from the iSBE-96 
on-board 
RAM 
(or from 
user-provided 
memory) 
and 
exercise 
the 


prototype 
system 
hardware. 


Figure 
1 is a block 
diagram 
showing 
the 
iSBE-96 


emulator. 
The 
following 
sections 
describe 
each 
block. 


The 
68-pin 
processor 
of the 
iSBE-96 
emulator 
is 
used 
only 
in the 
8097 
external-access 
mode. 
An 
8097BH 
will be supported 
in 16-bit bus mode only. 


An adapter 
board is provided 
for the 68-pin PGA ver- 


sion of the 8096 and 8097 
microcontrollers. 
When 
debugging 
a 68-pin 
package, 
the two 50-pin 
ribbon 
cables 
plug into the 68-pin 
adaptor 
board 
which 
is 
plugged 
into the 68-pin socket on the prototype 
sys- 


tem. 


When 
debugging 
a 48-pin 
package, 
the two 50-pin 
cables 
plug into the 48-pin 
adaptor 
board, which 
is 
then plugged 
into a 48-pin 
socket 
in the prototype 
system. 
A 68-pin 
PLCC Adaptor 
may be ordered. 


The iSBE-96 emulator's 
memory-mapped 
I/O devic- 


es are used to manage the system. These I/O devic- 
es 
are 
mapped 
into 
memory 
between 
locations 
01 FOOH and 01 FFFH. 


Included 
as part of the I/O are two serial ports. One 
is configured 
as data set (DS) and the other as data 
terminal 
(DT). When operating 
with an Intellec~ 
de- 
velopment 
system, 
the data set port is used as the 
system 
console 
and the link for exchanging 
files. 


r-;;;;--, 
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The 
serial 
ports 
are serviced 
under 
control 
of the 
NMI interrupt. 
The NMI interrupt 
has highest 
priority 
on the 
microcontroller 
and interrupts 
the user pro- 
gram 
when 
characters 
are ente-ed 
from 
the 
key- 
board. When in emulation, 
the monitor 
will still serv- 
ice inputs 
from 
the 
keyboard 
ard 
execute 
certain 
monitor 
commands. 
Monitor 
activity 
is not transpar- 
ent to the user. 


There 
are 
eight 
28-pin 
JEDEC 
byte-wide 
sockets 
with 2K-by-8 static RAMS present 
on the board. The 
partition 
on the user's 
prototype 
Hystem that will be 
ROM is simulated 
by RAM on the iSBE-96 
emulator 
board. This RAM facilitates 
easy program 
develop- 
ment, allowing 
users to correct 
and test problems 
in 
their programs. 


ROMSIM 
can be expanded 
by rep acing the iSBE-96 
RAMs with 8K-by-8 
static RAMs. 


The port 3-4 logic has two functions: 
to provide 
bus 
expansion 
and to provide 
I/O 
ports. 
The 
port 
3-4 
logic is controlled 
by a software 
switch available 
with 
the MAP command. 


The iSBE-96 emulator 
reconstructs 
ports 3 and 4 of 
the 8395, 8396, and 8397 microcontrollers 
when the 
logic is defined 
by the MAP command 
as port 3-4. 


This port function 
should 
be selected 
when 
one of 
these four microcontrollers 
is intended 
as the target 
microcontroller. 


When the BUS switch of the MAP command 
is spec- 
ified, 
the 
iSBE-96 
adtlress/data 
expansion 
bus 
is 
available 
to the prototype 
system. 


THE iSBE·96 EMULATOR 
MEMORY 
MAP 


The target system should be designed 
with a memo- 
ry map that 
is compatible 
with one of the iSBE-96 
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USER 


ROMSIIIII 


TRAP 
VECTOR- 
RESERVED 
FOR MONITOR 


ROMS"" 


RESERVI:D 


USER 


DATARAM 
OR 
OPEN 


INTERNAL 
REGISTERS! 
MONITOR 
ROUTINES 


OOOH 


Figure 
2. iSBE·96 
Emulator 
Dofault 
Mapping 


memory 
maps. 
Figure 2 shows 
the default 
address 


mapping. 
The following 
sections 
describe 
the areas 


of memory. 


Internal Registers/Monito,r 
Routines 


Normally 
locations 
OOOHthrough 
OFFH contain 
the 


internal 
register 
space 
of the 
8097. 
However, 
in- 


struction 
fetches 
from these locations 
access 
exter- 


nal memory. 
This memory 
space contains 
the moni- 


tor's non-maskable 
interrupt 
service routine and utili- 


ty routines. 


For the monitor 
to access the user memory, 
the ad- 


dress 
and data 
is passed 
to the interrupt 
or utility 


'routines. 
The routines then modify the mode register 


to enable 
user memory, 
disable 
all of the monitor's 


memory 
(except 
page zero), and perform 
the appro- 


priate operation. 
After an operation 
is complete, 
the 


service 
and utility routines 
restore the mode register 


to its previous 
state and return to the main monitor 


code. The NMI service 
routine is used to handle the 


keyboard 
input on the serial port. 


Locations 
100H to 7FFH 
are mapped 
as the 
OA- 


TARAM space. This RAM is for general 
purpose 
use 


and 
is optionally 
enabled 
by using 
the 
MAP com- 


mand. 
When 
the OAT ARAM 
buffer 
is not enabled, 


any access 
to this partition 
results 
in an access 
to 


user prototype 
system 
memory. 


Locations 
800H to 1EFFH are a user area. If an ac- 
cess 
is made 
to this 
partition, 
it is directed 
to the 


user's 
prototype 
system. 
Any 
memory 
mapped 
as 


I/O in the user system should be placed in this parti- 
tion. With 8K-by-8 
static 
RAMs, this area is located 


and available 
on the iSBE-96 
board. 


Locations 
1FOOH to 
1FFFH 
are 
reserved 
by the 


monitor 
for on-board 
I/O devices. 


Because 
some 
of the 
MCS-96 
family 
of microcon- 


trollers 
are ROM LESS parts, a user program 
can be 


loaded for execution 
into the on-board 
RAMS of the 
iSBE-96 
emulator. 
Locations 
2000H 
to 5FFFH 
are 


mapped 
to this 
RAM 
space; 
the 
space 
is called 


ROMSIM. 


Locations 
2000H 
to 2010H 
are the interrupt 
vector 


locations. 
Vector 
address 
location 
2010H is used by 


the iSBE-96 
monitor 
for breakpoints. 


inter 


The 
partition 
6000H 
to OFFFFH 
is mapped 
to the 


user prototype 
area. During emul,:ition any access to 


this partition 
is directed 
to the u~;er's prototype 
sys- 


tem. 


On-board 
memory 
can be expanded 
to a full 64K 


bytes by replacing 
the supplied 
2K-by-8 static RAMs 


with 8K-by-8 
static RAMs or PROMs. 
The user may 
also replace 
on-board 
ROMSIM 
memory with 2K-by- 


8 PROMs or even locate all 64K bytes of memory on 
the prototype 
system. 


Designers 
should 
note the following 
considerations 


for designing 
with the iSBE-96 
emulator: 


• 
The iSBE-96 
software 
uses 6 bytes of user stack 


space. 


• 
Analog 
signal 
accuracy 
is impaired 
when 
driven 


over the emulator 
cable 
(up to ± 50 mV loss of 


A/D 
conversion 
accuracy). 


• 
The iSBE-96 
emulator 
has some ac/dc 
paramet- 


ric differences 
from the 8097 chip. 


• 
The NMI vector 
is used for console 
service 
(Intel 


reserved 
interrupt). 


• 
Keyboard 
activity 
during 
emulation 
affects 
real- 


time emulation 
because 
a 50 to 100 microsecond 


interrupt 
service 
routine 
is executed 
for 
every 


keystroke. 


• 
The only hardware 
reset available 
for the iSBE-96 


emulator 
is the system 
reset 
momentary 
switch 


(switch 
1 on the emulator 
board). 


• 
User system memory 
should be configured 
to the 


iSBE-96 
memory 
map (see Figure 2). 


• 
The 
iSBE-96 
emulator 
does 
not support 
a user 


system 
crystal 
as shipped. 


• 
The iSBE-96 
driver software 
provided 
by Intel is 


not compatible 
with the Intellec 
Model 800 or Se- 


ries II Development 
Systems. 


• 
The IBM PC/AT 
and PC/XT 
have been evaluated 


and accepted 
by Intel as compatible 
hosts for its 


development 
systems. 
Intel 
has 
not 
evaluated 


any ohter PC DOS machines 
(3.0). However, 
Intel 


knows of no reason why these PC DOS machines 
would 
not be compatible 
hosts 
for its develop- 


ment systems. 


inter 


Equipment 
Supplied 


Standard 
MUL TIBUS@-size 
board assembly 


Auxiliary 
power cable 


RS-232 
serial cables 


Two standard, 
18 in., 50-pin 
rib Jon cables 
for con- 
nection 
to the user's prototype 
Bystem 


Adapter 
board 
for the 48-pin 
DIP and 68-pin 
PGA 
versions 
of the MCS-96 
microcontroller 


One 8 in. single-density 
softwarE! disk for the Series 
III 


One 8 in. double-density 
softwar'3 disk for the Series 
III 


158£-96 User's Guide (Order nu mber 164116) 
i58£-96 Pocket Reference (Ordm 
number 
164157) 
Developing MC5-96 Applications Usingi58£-96 (Or- 
der Number 
280249-001, 
AP-27:l) 


Physical Characteristics 


Width: 
6.75 in. (17.15 cm) 
Length: 
12 in. (30.48 em) 
Height: 0.75 in. (1.91 cm) 


Voltage 
Current 


+5V 
± 5% 
3.5a max 
+12V±5% 
0.06amax 


-12V 
± 5% 
0.05a max 


Environmental 
Characteristics 


Operating 
Temperature: 
10·C to 40·C 


Operating 
Humidity: 
10% 
to 
85% 
relative 
hu- 


midity, 
without 
condensa- 
tion 


IBM PC XTIAT Host Requirements 


• 
PC DOS, version 
3.0 or greater 


• 
External 
power supply 


• 
Serial channel 
Com1/Com2 
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iSBE-96 
DOS upgrade 
kit for those 
customers 
who wish to upgrade their 
Series III/IV 
kit to run on the IBM PC 
AT or PC XT. 


iSBE-96 
Series 
III/IV 
upgrade 
kit for 
those 
customers 
who 
wish 
to 
up- 


grade 
their 
DOS 
kit to run on Intel 
Hosts). 


68-pin 
PLCC Adaptor 
Board. 


Intel 3065 Bowers 
Ave. 


Santa Clara, CA 95051 
Part Number Description 


SBE96SKIT 
iSBE-96 
single 
board 
emulator 
for 
use with 
the 
Seril~s III/IV 
develop- 
ment 
systems. 
Thl3 kit contains 
the 
following 
parts: 


• iSBE-96 
single b:>ard emulator 


• MCS-96 
softwarEl support 
package 
for the 
Series 
III/IV 
development 
systems 


• iSBE-96 
Series 
III/IV 
upgrade 
kit 
(cables 
and 
software 
needed 
to 
run on Intel Hosts) 


SBE96DKIT 
iSBE-96 
single 
board 
emulator 
for 
use with the IBM PC/AT 
and PC/XT 
computer 
systems. 
The 
kit contains 
the following 
parts 


• iSBE-96 
single b:>ard emulator 


• MCS-96 softwam 
support 
package 
for PC DOS 


• iSBE-96 
DOS upgrade 
kit (cables 
and software 
needed 
to run on the 
IBM PC/AT 
or PC/XT) 


US 
Software 
5470 N. W. Innisbrook 
Portland, 
OR 97229 
Phone: 503-645-5043 
International 
Telex 4993875 
Part Number 
Description 


XASM96 
Performs 
assembly 
of MCS®-96 
pro- 


grams written 
on the iPDS. 


ATOP96 
iPDS and Series II software 
for iSBE- 
96 
host 
communications. 
Performs 
host communications 
and assembly/ 


disassembly 
of iSBE-96 
instructions. 


The 
XASM 
Host 
Cross 
Assembler 
software 
must 
be ordered 
with 
this 
software . 
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VLSiCE-96 
IN-CIRCUIT EMULATOR FOR THE 8X9X 
FAMILY OF MICROCONTROLLERS 


• 
Shadow Registers Allow Reading Many 
8096 Write-Only and Writing Many 
Read-Only Registers 
• 
Break and Trace are Qualified on 
Execution Addresses, Data Addresses, 
and Values (Both External and Internal 
RAM), Opcodes, Selected PSW Flags, 
and 2 External Sync Lines 
• 
Equipped with the Integrated Command 
Directory (ICDTM)Which Provides 
- 
An On-Line Help File 
- 
A Dynamic Syntax Menu 
- 
Dynamic Command-Entry 
- 
Error Checking 
- 
On-Line Editor 
• 
Serially Linked to Intel Series IIII1V 
Hosts or IBM* PC-XT and AT 
The VLSiCE-96 In-Circuit Emulator is a debugging and test tool used for development of the hardware and 
software of a target system balled on the 8X9X family of microcontrollers (8095, 8096, 8097, 8395, 8396, 
8397,8795,8796,8797,8098, 
1l398,8798) including BH components. 


• 
Precise Real-Time Emulation of the 
8X9X Family of Compoll'lents 


• 
64K of Mappable Memo1ryfor Early 
Software Debug and (EP)ROM 
Simulation 


• 
A 4K-Entry Trace Buffer for Storing 
Real-Time Execution History, InclUding 
Both Code and Data Flows 


• 
Fastbreaks and Dynamic Trace 


• 
Symbolic Debugging Allows Accesses 
to Memory Locations al1d Program 
Variables (Including Dynamic Variables) 
Using Program-Defined 
Names from 
the User's Assembler or Compiler 
Source Code 


The VLSiCE-96 
emulator 
allows 
hardware 
and soft- 
ware 
development 
of a design 
project 
to proceed 
simultaneously. 
With the VLSiCE-~16 emulator, 
proto- 
type hardware 
can be added 
to the system 
as it is 
designed 
and 
software 
can 
be ceveloped 
prior to 
the 
completion 
of 
the 
hardware 
prototype. 
Thus, 
software 
and hardware 
can be in'legrated 
while the 
product 
is being developed. 


The VLSiCE-96 
emulator 
assists 
':our stages 
of de- 
velopment: 


• 
Software 
development 


• 
Hardware 
development 


• 
System 
integration 


• 
System 
test 


Software 
Development 


The 
VLSiCE-96 
emulator 
can be operated 
without 
being connected 
to a prototype 
or before any of the 
prototype 
hardware 
is available. 
In this stand-alone 
mode, the VLSiCE-96 
emulator 
can be used to facili- 
tate application 
program 
development. 


Hardware 
Development 


Because 
the VLSiCE-96 
emulator 
precisely 
matches 
the 
component's 
electrical 
and timing 
characteris- 
tics as well as full bus access, 
it is a valuable 
tool for 
hardware 
development 
and debug. 


Integration 
of software 
and hardware 
begins 
when 
the microcontroller 
socket 
is connocted 
to any func- 
tional element 
of the target system. As each section 
of the user's 
hardware 
is completed, 
it is added 
to 
the prototype. 
Thus, 
each 
section 
of the hardware 
and 
software 
can 
be 
system 
tested 
with 
the 
VLSiCE-96 
emulator 
in real-time 
operation 
as it be- 
comes 
available. 


System Test 


When the prototype 
is complete, 
it is tested 
with the 
final version 
of the system softwam. 
The VLSiCE-96 
emulator 
can then 
be used to ve'ify 
or debug 
the 
target 
system 
as a completed 
unit. 


By providing 
support 
for the ROM _ESS, ROM, and 
EPROM 
versions 
of 
the 
microcontroller, 
the 
VLSiCE-96 
emulator 
has the ability to debug a proto- 
type or production 
product 
at any ~;tage in its devel- 


opment 
without 
introducing 
extraneous 
hardware 
or 
software 
test tools, 


The 
VLSiCE-96 
emulator 
consists 
of the following 
components 
(see Figure 1): 


• 
Software 
(includes 
the VLSiCE-96 
emulator 
soft- 


ware, diagnostic 
software, 
and tutorial) 


• 
68-pin 
PGA adaptor 
68-pin PLCC adaptor 
(optional) 
48-pin 
DIP adaptor 
(optional) 


• 
Controller 
pod 


• 
User cable assembly 
(consisting 
of the user ca- 
ble and processor 
module) 


• 
Serial cable (host-specific) 


• 
Crystal 
power accessory 
(CPA) 


• 
Multi-synchronous 
accessory 
(MSA) (optional) 


• 
Power supply and Vcc 
booster 
module 


• 
AC and DC power cables 


VLSiCE-96 
software 
fully 
supports 
all mnemonics, 


object file formats, 
and symbolic 
references 
generat- 


ed by Intel's 
ASM-96, 
PL/M-96, 
and C-96. 


The on-line tutorial is written in VLSiCE-96 
command 
language. 
Thus, the user is able to interact 
with and 
use the VLSiCE-96 
emulator 
while executing 
the tu- 
torial. 


The controller 
pod contains 
64K of ICE memory, 
a 
4K-entry 
trace 
buffer, 
and 
circuitry 
that 
provides 
communication 
between 
the host and the emulator. 


The processor 
module 
contains 
a special version 
of 
the Intel 8096 microcontroller, 
called 
the emulation 
processor. 
This chip performs 
real-time 
and single- 
step execution 
of a program's 
object 
code for exe- 
cution and debugging 
purposes 
in place of the target 
system 
microcontroller. 


The crystal 
power 
accessory 
(CPA) 
is a small 
de- 
tachable 
board that connects 
to the back of the con- 


troller pod and is used to run the VLSiCE-96 
emula- 
tor in the stand-alone 
mode. 
It is also 
used when 
running 
customer 
confidence 
tests. 
In the 
stand- 
alone mode, the user plug on the user cable is con- 
nected through 
the 68-pin PGA adaptor 
to the CPA. 


The 
CPA 
supplies 
clock 
and 
power. 
Stand-alone 
mode is used to test and debug software 
prior to the 
availability 
of hardware. 


The 
optional 
multi-synchronous 
accessory 
can 
be 
used to connect 
the VLSiCE-96 
emulator 
with up to 
20 multi-ICE 
compatible 
emulators 
together 
for syn- 
chronous 
GO and BREAK 
emulation, 
and TRACE. 
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It can 
also 
be used 
with 
other 
debug 
equipment 
such 
as logic analyzers 
and oscilloscopes 
for syn- 
chronous 
GO, BREAK and TRACE. 


The 
serial 
cable 
connects 
the 
host 
system 
to the 
controller 
pod. The serial cable r as electrical 
specifi- 
cations 
similiar to the RS-232C 
standard. 


The power supply connects 
to the controller 
pod via 
the Vcc 
booster 
module 
and the DC power 
cable. 
There 
are several 
voltage 
options 
available 
for the 


power 
supply 
depending 
on sw tch settings 
on the 
back of the power supply. 


A comprehensive 
set of documentation 
is included 


with the VLSiCE-96 
emulator. 


Figure 
1 shows 
a drawing 
of thEl VLSiCE-96 
emula- 


tor. 


The VLSiCE-96 
emulator 
assists 
hardware 
and soft- 


ware design engineers 
in developing, 
debugging 
and 


testing 
designs 
incorporating 
the 8X9X family of mi- 


crocontrollers. 
The 
following 
are 
some 
of 
the 


VLSiCE-96 
features: 


Emulation 
is the controlled 
execution 
of the proto- 


type software 
in the prototype 
hardware 
or in an ar- 


tificial 
hardware 
environment 
that 
duplicates 
the 


microcontroller 
of 
the 
target 
system. 
With 
the 


VLSiCE-96 
emulator, 
emulation 
is a transparent 
pro- 


cess that happens 
in real-time 
without 
sacrificing 
mi- 


crocontroller 
resources. 
The execution 
of prototype 


software 
is facilitated 
through 
the VLSiCE-96 
com- 


mand language. 


Memory Mapping 


There 
are 64 Kbytes 
of zero-waitstate, 
high-speed 


mappable 
memory 
available. 
This 
memory 
space 


can be mapped 
to either the target system 
or to the 


on-board 
VLSiCE-96 
memory 
space 
in 
1 
Kbyte 


blocks 
on 1 Kbyte boundaries. 
Mapping 
memory 
to 


the 
VLSiCE-96 
emulator 
allows 
software 
develop- 


ment to proceed 
before prototype 
hardware 
is avail- 


able. 
Memory 
mapping 
also 
gives 
the 
VLSiCE-96 


emulator 
the capability 
to simulate 
the 8 Kbytes 
of 


(EP)ROM on those versions 
of the chip for code ver- 


ification 
and validation. 
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Memory Examination 
and Modification 


The memory 
space for the 8X9X ,:omponent 
and its 
target 
hardware 
is accessible 
through 
the emulator. 
The 
VLSiCE-96 
software 
allows 
the 
component's 
special 
function 
registers 
to be accessed 
mnemoni- 
cally (e.g. AD_RESULT, 
INT_MASK). 
A significant 
benefit to the VLSiCE-96 
is its ability to read many of 
the 
write-only 
registers 
(e.g. 
lOCO, 
PWM_CON- 
TROL) 
and to write 
many of the read-only 
registers 
(e.g. AD_RESULT, 
SBUFRX). 


Data can be displayed 
or modified 
in several 
bases: 
hex, decimal, 
and 
binary, 
and 
in standard 
formats 
including: 
ASCII, real and integer. 
Program code can 
be disassembled 
and displayed 
as assembler 
mne- 
monics. 
It also 
can 
be modified 
with 
standard 
as- 
sembler 
statements. 


Memory 
locations 
can also be examined 
or modified 
by their symbolic 
references. 
A symbolic 
reference 
is 
a procedure 
name, line number, 
or label in the user 
program 
that corresponds 
to a memory 
location. 


Some typical 
symbolic 
functions 
include: 


• 
Changing 
or inspecting 
the value 
of a program 
variable 
by using its symbolic 
name, 
rather than 
the address 
of the memory 
lacation. 


• 
Defining 
break 
and trace 
events 
using symbolic 
references. 


• 
Referencing 
static variables, 
dynamic 
(stack-resi- 
dent) 
variables, 
based 
variahles, 
and 
record 
structures 
combining 
primitive 
data 
types. 
The 
primitive 
data 
types 
are ADDRESS, 
BOOLEAN, 
BYTE, CHAR (character), 
WORD, 
DWORD 
(dou- 
ble word), INTEGER, 
LONGINT, 
SHORTINT, 
and 
REAL. 


The VLSiCE 
emulator 
maintains 
a virtual symbol 
ta- 
ble for program 
symbols 
making 
it possible 
for the 


table 
to exist without 
fitting 
entirely 
into host 
RAM 
memory. 
The size of the virtual symbol 
table is con- 
strained 
only by the capacity 
of the disk. 


Breakpoint 
Specifications 


Breakpoints 
allow halting of a user program 
in order 
to examine 
the effect 
of the program's 
execution 
on 
the target 
system. 
Breakpoints 
can be defined 
as 
execution 
addresses, 
data addresses 
and data val- 
ues (both external 
and internal 
RAM), opcodes, 
se- 
lected bits of the PSW flag, and as 2 external 
inputs 
(SYNCOIN AND SYNC1IN). 
These breaks can be ar- 
ranged to occur over a range of addresses 
and with 
up to 8 levels of arming and disarming. 
After a break 
the user program 
can resume 
execution 
from where 
it left off. 


Trace Specifications 


Tracing 
can be triggered 
with the same 
conditions 
set for breaking. 
The trace buffer is displayed 
as dis- 
assembled 
instructions, 
data 
fetches 
and 
stores, 
and with 
the timetag 
showing 
the 
relative 
time 
at 
which the program 
executed 
each instruction. 
Figure 
2 shows 
a trace' display 
as a result 
of the 
PRINT 
command. 


Normally, 
the 
VLSiCE-96 
emulator 
traces 
program 
activity 
while 
the 
user 
program 
executes. 
With 
a 
trace specification, 
tracing 
can be specified 
to occur 
only when specific 
conditions 
are met during execu- 
tion. The trace buffer collects 
data for up to 4 Kbyte 
entries 
of information 
during emulation. 


The trace buffer can be examined 
during halt mode 
or if non-stop 
emulation 
is desired; 
the trace can be 
examined 
while 
emulation 
continues. 
If this second 
option 
is selected, 
trace 
collection 
stops 
while 
the 
trace buffer is uploaded 
to the host. 


hl t >PRINT 
CYCLES NEWEST B 
FRAME ADDRESS CODE 
MNEMONIC OPERANDS 
TIME 


(0017) 


(0018) 
(0019) 
(0020) 
(0021) 


(0022) 


(0023) 
(0024) 


2086H 
18EF80 
[OOEFH]= 
A3H(R) 
2089H 
OOFF 
208BH 
FF 
2080H 
E70000 
2083H 
090000 
[OOOOH]=OOOOH(R) 
2086H 
18EF80 
[OOEFH]= 
2089H 
OOFF 
208BH 
FF 


SHRB 80H,EFH 
[0080H]= 
OOH(R) 
SKIP 
FFH 
RST 
LJMP $+ 0003H 
SHL 
RO.#OH 
[OOOOH]=OOOOH(W) 
SHRB 
80H.EFH 
A3H(R) 
[0080H]= 
OOH(R) 
SKIP 
FFH 
RST 


5221 
US 
[0080H]= 
OOH(W) 
5222 
US 
5223 
US 
5233 
US 
5225 
US 


5236 
US 
[0080H]= 
OOH(W) 
5237 
US 
5238 
US 
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Arming and Triggering 


The VLSiCE·96 command language allows specifi- 
cation of complex events with up to 8 states, each 
with several conditions. For example, a specification 
can be made that causes a breclk to occur when a 
variable is written only within a certain procedure. 
The execution of the procedure iBthe arm condition 
and the variable modification is tile break condition. 
The arm condition is an optioncll part of a break/ 
trace sequence in the VLSiCE emulator. A set of arm 
conditions can be used to ensure that a break is not 
possible until all required qualifying conditions are 
satisfied. 


Debugging procedures (PROCS) are a user-named 
group of VLSiCE commands that are executed se- 
quentially. Procs can simulate missing hardware or 
software, collect debug information, and make trou- 
bleshooting decisions. They can be copied to text 
files on disk, then included from the file into the com- 
mand sequence in later test sessions. 


Procedures can also serve as programmable diag- 
nostics, implementing new emulator commands for 
special purposes. 


Fastbreaks make it possible to e)(amineand modify 
memory without halting emulatio'l. The commands 
that can be executed are simple one-access func- 
tions, such as, WORD 1FH or 1080. When enabled, 
fastbreaks occur whenever a memory access is 
made. 


Breakpoints and tracepoints can be re-specified dur- 
ing emulation with fastbreaks enabled. 


While emulation does not halt during fastbreaks, a 
delay in code execution occurs when a fastbreak is 
requested. In most cases, this latency in code exe- 
cution is less than 150 fLs. 


Interrupts 
During Interro~,ation(101) 


Mode 


The VLSiCE-96 software can service and record in- 
terrupts even though emulation has been halted (in- 
terrogation mode). In the special mode designated 


as 101mode, hardware interrupts can be serviced 
while 
the 
emulator 
is 
being 
interrogated. 


Use of this mode is determined by the setting of a 
VLSiCE-96 pseudo-variable (IDI_PC). After break- 
ing from emulation or fastbreaks mode, whenever an 
interrupt occurs, the processor jumps to the appro- 
priate vector and executes the interrupt service rou- 
tine. 


The setting of another VLSiCE-96 pseudo-variable 
(INT_REC_EN) 
allows the recording of interrupts 


but not the servicing of interrupts, during halt mode. 
If the pseudo-variable is set to TRUE, all interrupts 
are recorded in the INT_PENDING 
register, and 


serviced when the emulator re-enters emulation. 


Dynamic Tracing 


The trace buffer can be accessed in two ways, dy- 
namically during emulation and statically after emu- 
lation halts. While dynamically tracing, any form of 
the PRINT command can be entered and the speci- 
fied portion of the trace buffer is displayed. This al- 
lows real-time display of processor activity. Display- 
ing the trace buffer during emulation stops collection 
of trace and some trace information can be lost, but 
emulation is unaffected. 


On-Line Syntax Guide 


A special syntax guide called the Integrated Com- 
mand Directory (ICD), at the bottom of the display 
screen, aids in creating syntactically correct com- 
mand lines. Figure 3 shows an example of the ICD 
for the GO command. 


This feature provides assistance with the emulator 
commands through the host terminal. HELP is avail- 
able for most of the commands. Figure 4 shows help 
for one of the commands. 


The VLSiCE-96 emulator can run with other emula- 
tors, and lab equipment such as logic analyzers or 
oscilloscopes. VLSiCE-96 emulators can be daisy- 
chained together in a network to work simultaneous- 
ly to test a prototype system. The multi-synchronous 
operation is facilitated by the optional multi-synchro- 
nous accessory. 


inter 


)) 


)) 
)) 
)) 


There are design considerations 
to be aware of be- 


fore designing 
with the VLSiCE-96 
emulator. 


The user pin timings, 
thresholds, 
and loadings 
are 


identical 
to the 8096 and 8098 components 
except 


the 
RESET 
and 
CLKOUT 
pins 
have 
an additional 


loading of 1 p.A and 10 pF. The Non-Maskable 
Inter- 


rupt (NMI) is not supported. 
Min. 
Max. 
6 MHz 
10 MHz 
Emulator does not 
require system 
power to operate. 


OmA 


Clock Frequency 
VCC 


The 
user plug 
is on the end 
of a three 
foot 
(1m) 


flexible 
cable. 
Adequate 
spacing 
must be provided 


on the target 
system 
to allow the emulation 
proces- 


sor board and user plug to be inserted 
into the target 


system. 


The height of the user plug should be considered 
for 


multiple 
board 
system 
prototypes 
that 
need 
to be 


debugged 
and tested. 
Be sure that 
the space 
be- 


tween the boards 
is greater 
than 1%" 
(4 cm) to al- 


low for the user plug. 


Figure 5 shows the user plug dimensions. 
The user 


plug comprises 
the 
emulator 
processor 
board 
and 


the 68-pin 
or 48-pin 
adaptor. 
In the figure, 
please 


note the location 
of pin 1 on each adaptor. 
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hIt > HELP 
ASM 
The ASM 
command 
displays 
or modifies 
memory 
as 8096 
mnemonics. 
The 
syntax 
is: 


<asm-spec> 
::=<par';ition> 
[=' 
<asm96-inst> 
,[.' <asm96-inst> 
']*] 
I 
<address> 
= 
<cr> 


The 
"ASM 
<address> 
=" 
syntax 
puts 
the user 
in line-mode, 
displaying 
the 
current 
address 
at which 
the 
assembly 
instruction 
will 
be placed 
and not 
requiring 
the 
quotes 
around 
the 
instructions. 


Other Considerations 
• 
The non-maskable 
interrupt 
(NMI) is not support- 
ed. 


• 
The 
counters 
for 
the 
pulBe 
width 
modulator 
(PWM) and hardware 
Timer1 can be out of sync if 
either are disabled 
during interrogation. 
Synchro- 
nize them by resetting 
the emulator. 


• 
The Zero flag is always 
cleared 
in the SUBC in- 
struction. 
Therefore, 
the 
relational 
operators 


< = and> 
for LONG variables 
in C96 V1.0 and 
LONGINT 
variables 
in PL/M-96 
V1.1, work incor- 
rectly. 
These 
languages 
ha~e been 
tailored 
for 
the 8X9X-90 
micro controller 
Nhich either sets or 
resets the Zero flag in the SUBC instruction. 


If there is a memory-resident 
program 
that is perma- 
nent on the PC, use of the DOS shell escape 
may 
corrupt 
the VLSiCE-986 
software>. To insure reliabili- 
ty, do not use the system 
escape 
on host systems 
that have permanent 
memory-re:;ident 
programs. 


The VLSiCE-96 
emulator 
has serne properties 
that 
are inherent 
in the 8X9XBH 
com::>onent. These 
are: 


• 
Neither the source nor the de8tination 
address 
of 
the Multiply or Divide instructions 
can be a writa- 
ble special 
function 
register. 


• 
The 
special 
function 
registers, 
except 
RO, may 


not be used 
as base 
or index 
registers 
for 
in- 


dexed or indirect 
instructions. 


• 
Several 
of the special function 
registers 
can only 


be 
accessed 
as 
words, 
while 
others 
only 
as 
bytes. 
These 
restrictions 
are listed 
in the 
8096 
User's 
Manual. 


• 
The sticky flag is not affected 
when a skip by 0 is 
executed. 


• 
To emulate 
the 8X9X-90 
microcontroller, 
memory 
location 
2018H 
in both 
target 
system 
emulator 
mapped 
memory 
should 
be OFFH. 


• 
The JBS 
and JBC 
instructions 
cannot 
be used 
directly 
on Port 2.1. 


Host Requirements 


An IBM PC XT or PC AT with 512 Kbytes 
RAM and 
hard disk. 
Intel recommends 
and 
IBM PC AT with 
640 Kbytes 
of RAM, one floppy 
drive and one hard 
disk, running 
PC-DOS 3.1 or later. 
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68 PIN PGA 
. 
ADAPTOR 
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68-PIN 
PLCC ADAPTORU 
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PIN 1 
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An Intellec~ 
Microcomputer 
Development 
System, 
Series 
III or Series 
IV, running 
under 
ISIS or iNDX, 
with at least 512 Kbytes of application 
memory 
resi- 
dent, with dual floppy or one harel disk and one flop- 
py drive required. 


VLSiCE-96 
emulator 
software 


VLSiCE-96 
confidence 
tests 


VLSiCE-96 
tutorial 
software 


System Performance 


Mappable 
zero wait- 
Min 0 Kbytes 
Mappable 
to 


state (up to 10 MHz). 
Max 64 Kbytes user 
memory 
or ICE memory 
in 
1K 
blocks 
on 1K bounda- 
ries. 


Trace Buffer 


Virtual Symbol Table 


4 Kbytes x 48 bits 


A maximum 
of 61 
Kbytes 
of 


host 
memory 
space 
is avail- 


able for the virtual 
symbol 
ta- 


ble (VST). The rest of the VST 
resides 
on disk and is paged 


in and out of host memory 
as 


needed. 


Width: 


Height: 


Depth: 


Weight: 


8%" (21 cm) 
1%,' (4 cm) 


13% (34 cm) 


4 Ibs (2 kg) 
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Width: 


Height: 


Depth: 


Weight: 


7%" (18 cm) 
4" (10 cm) 
11" (28 cm) 


15 Ibs (7 kg) 


Power 
Supply 


100V-120V 
or 200V-240V 
(selectable) 


50 Hz-60 
Hz 


2 amps (AC max) 
@ 120V 


1 amp (AC max) 
@ 240V 


Operating 
Temperature: 
O°C to +40°C (+ 32° F to 
+ 104°F) 


Operating 
Humidity: 
Maximum 
of 85% 
relative 
humidity, 
non-condensing 


VLSiCE-96 
In-Circuit 
Emulator 
U~,er's Guide, 
order 


number 
165814 


VLSiCE-96 
In-Circuit 
Emulator 
Pocket 
Reference, 
order number 
165815 


VLSiCE-96 
In-Circuit 
Emulator 
Installation 
Supple- 
ment, order number 
166477 


VLSiCE-96 
Emulator 
Tutorial 
Gui:Je, order 
number 


165816 


Order 
Code 


V096KITA 


Description 


VLSiCE-96 
power 
supply 
and 
cable, 


emulation 
base, user cable, CPA, seri- 


al cables for PC AT and PC XT, 68-pin 
PGA target 
adaptor, 
ASM-96, 
AEDIT 


text 
editor. 
Host, 
probe, 
diagnostic 


and tutorial software 
is on 5%" 
media 


for DOS hosts 
running 
DOS V3.0 
or 


greater. 
[Requires 
software 
license.] 


Same as V096KITAD 
without 
ASM-96 


and AEDIT text editor. 


VLSiCE-96 
power 
supply 
and 
cable, 


emulation 
base, user cable, serial ca- 


ble, CPA, 68-pin 
PGA target 
adaptor, 


ASM-96, 
and AEDIT text editor. 
Host, 


probe, 
diagnostic 
and 
tutorial 
soft- 


ware 
is on 8" 
single 
density 
and 8" 


double 
density 
media 
for 
hosting 
on 


an Intel Series III, and 5%" 
media for 


Series IV [Requires 
software 
license.] 


Same as V096KIT AS without 
ASM-96 


and AEDIT text editor. 


Order 
Code 


TA096E 


TA096B 


Description 


Optional 
68-pin 
PLCC Adaptor 
board 


Optional 
48-pin 
DIP Target 
Adaptor 


board. 


Multi-Synchronous 
Accessory 


Order 
Code 
Description 


MSA96 
Optional 
Multi-Synchronous 
Accesso- 


ry for multi-ICE 
capability. 


intJ 


Order 
Code 


SA096D 


Description 
Software for host, probe, diagnostic 
and tutorial on 5%" 
media for use 
with the PC AT and PC XT under PC- 
DOS V3.0 or greater. [Requires soft- 
ware license.] 
Software for host, probe, diagnostic 
and tutorial on 5%" 
media for use 
with the PC AT and PC XT under PC- 
DOS V3.0 or greater. [Requires soft- 
ware license.] 
Software for host, probe, diagnostic 
and tutorial on 8" single density and 
8" double-density media for use with 
a Series III, and 5%" 
media for use 
with a Series IV. [Requires software 
license.] 


Other Useful Intel 8X9X DE!bugand 
Development 
Support Products 


Order Code 
186ASM96 


Description 
Consists of the ASM 96 macro as- 
sembler that translates symbolic 
assembly 
language 
mnemonics 


into relocatable object code, and 
the RL96 linker and relocator pro- 
gram that links ml)dules generated 
by ASM 96 and PL/M 96 and lo- 
cates the linked e,bjectmodules to 
absolute memory locations. Sys- 
tem requirements and Intellec Sys- 
tem running iNDX. 
Consists of the PLIM 96 compiler 
that provides high level program- 
ming language support, the LIB 96 
utility that creates and maintains li- 
braries of softwam object modules, 
the FPAL96 floating point arithme- 
tic library, and thE'RL96 linker and 
relocator program that links mod- 
ules generated by ASM 96 and 
PL/M 96 and locates the linked ob- 
ject modules to absolute memory 
locations. 
System 
requirements 
and Intellec System running iNOX. 


ASM/R&L 96 for PC-DOS. It con- 
tains a macro assembler, a linker/ 
locator utility, a floating point utility 
and a librarian. System require- 
ments are an IBM PC AT or PC XT 
with 512 Kbytes of RAM and PC- 
DOS 3.0 or greater. 
PLIM 96 and R&L for PC-DOS. It 
contains a compiler, a linker/loca- 
tor utility, a floating point utility and 
a librarian. System requirements 
are an IBM PC AT or PC XT with 
512 Kbytes of RAM and PC-DOS 
3.0 or greater. 
C96 and R&L for PC-DOS. Con- 
tains a compiler linker/locator utili- 
ty, and all standard C libraries 
including STDIO. System require- 
ments are an IBM PC AT or PC XT 
with 512 Kbytes of RAM and PC- 
DOS 3.0 or greater. 
iSBE-96 single board emulator for 
use with the Series III/IV develop- 
ment systems. The kit contains: 
iSBE-96 single board emulator 
iSBE-96 Series III/IV upgrade kit 
(cables and software needed to 
run on Intel Hosts). 
iSBE-96 single board emulator for 
use with the IBM PCAT and PC XT 
computer systems. The kit con- 
tains: iSBE-96 single board emula- 
tor 8096 software support package 
for 
PC-DOS. iSBE-96 DOS up- 


grade 
kit 
(cables and 
software 


needed to run on the IBM PCAT or 
PC XT). 


Running the iSBE-96 emulator on the Series II and 
iPDS system requires software from: 


U.S. Software Corporation 
5470 NW. Innisbrook 
Portland, OR 97229 
Phone: 503-645-5043 
International Telex: 4993875 
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REAL-TIME 
'I'RAINSPAREN'I' BOCI96IN-CIRClJl'I' 
EMlJLA'I'OR 


The ICE-196PC in-circuit 
emulator 
delivers real-time 
high-level debugging 
capabilities 
for developing, 


integrating 
and testing 80C196-based 
designs. Operating 
at the full speed of the 80C196 
microcontroller. 
the ICE-196PC provides 
precise 1/0 pin timings 
and functionality. 
The ICE-196PC 
also allows you to develop code before prototype 
hardware 
is available. 
The ICE-196PC in-circuit 
emulator 
represents 
a low-cost development 
environment 
for designing 
real-time microcontroller- 
based applications 
with minimal 
investment 
in time and resources. 


• 
Real-Time Emulation 
or the 80C196 
Microcontroller 


• 
64K Bytes of Mappable 
Memory 


• 
2K-entry 
Trace Buffer 
• 
3 Breakpoints 
or 1 Range Break 


• 
Symbolic 
Support 
and Source Code Display 


• 
Standalone 
Operation 
• 
Versatile and Powerful Host Software 


• 
Hosted On IBM PC XT, AT* or Compatibles 
With DOS 3.0 or Later 


REAL-TIME 
EMlJIATlON 


The ICE-196PC provides 
real-time emulation 
with the precise input/output 
pin timings 
and functions 
across the full operating 
fl'equencies of the 80C 196 microcontroller. 
The ICE-196PC connects to the 
intended 80C196 
microcontroller 
socket via a 16' 
nex cable. which terminates 
in a 68-pin PLCC 
probe. 


MAPPABLE MEMOR}' 


The ICE-196PC has 64K bytes (65.536) 
of zero wait-state 
memory 
that can be enabled or mapped as read-only, write-only 
or readlwrite 
in 4K byte increments 
to simulate 
the internal 
(EP}ROM of the 
80C 196 or external 
progrc m memory. 
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.pc 
XT. AT are trademarks 
clIBM. 


Intel Corporallon 
assumes 
no responslbllJty 
for tile use or any 
ClrcUllry 
OI.her than 
circuItry 
embodied 
In an Intel product 
M 
ocher ClrcUll 
pateN 
licenses 
are 


implied 
Information 
contamed 
herem 
super3edes 
previously 
published 
specifications 
on these devices 
from 
Inlel 


TRACE BlJFFER 


The ICE·196PC contains a 2K (2048) entry trace burrel' ror 
keeping a history 
or actual instruction 
e(ecution. 
The trace 
burrel' can be displayed 
as disassembled 
instructions 
or. 
optionally. 
disassembled 
instructions 
and the original 
C·96 
and PUM·96 
source code. 


Three execution address 
breakpoints 
or one range or 
addresses can be active at any time. The ICE·196PC 
allows any number or breakpoints 
to be defined and 


activated 
when needed. 


SYMBOLIC SlJPPORT ANl. SOlJRCE 
CODE DISPLAY 


Pull ASM-96. PUM·96 
and C·96 language symbolics. 
including 
variable 
typing 
and scope. are supported 
by the 
ICE·196PC memory 
accesses. trace burrel' display. 
breakpoint 
specification. 
and assembler/disassembler. 
Additionally. 
C·96 and PUM·96 
source code can be 
displayed 
to make development 
and debug easier. 
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STANDAWNE 
OPERATION 


Product sortware can be developed prior to hardware 
availability 
with the optional 
Crystal 
Power Accessory 
(CPA,)and the ICE·196PC mappable 
memory. The CPA also 
provides diagnostic 
testing to assure rull runctionality 
or 


the ICE-196PC. 


JlERSATlLE AND POWERFlJL HOST 
SOFTWARE 


The ICE·196PC comes equipped 
with an on·line help 


racility. a dynamic 
command 
entry and syntax gUide. built· 
in editor. assembler 
and disassembler. 
and the ability 
to 
customize the command 
set via literal definitions 
and 
debug procedures. 


HOSTING 


The ICE· 196PC is hosted on the IBM PC XT. AT or 
compatibles 
with PC·DOS 3.0 or later. 
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HOST REQlJIREMENTS 


IBM PC XT. AT (or compatible) 


512K bytes RAM. Hard Disk 
PC·DOS 3.0 or Later 
One Lnused Peripheral 
Slot 


IlC Current 
2.;}A 


TARGET INTERFACE BOARD 


Length 
2.0" 
(5Icm) 
Height 
1.2" (30cm) 
Width 
2.3" 
(58cm) 


lJSERCABLE 


Length 
15.6" (39.6cm) 


PROBE ELECTRICAL 


8OC196* 
plus per pin 


Icc (rrom target system) 
Operating 
r'requency 


50pr loading 
5ns pro~agation 
delay 
50mA @ 12 "1Hz 
3.5 to I": MHz. 12 MHz only 
Ilith 
CPA 


JOOCto 40°C 
37.5°P 
to 104°P 


Maximum 
55%.Relative 
Humidit~. 
non·condensing 


*This emulator 
supports 
the initial 
80C 196 


microcontroller. 
The HOLDIIIOLDA 
feature \\'ill be 
supported 
by a ruture product. 


ORDERING INFORMATION 
Onler Code 
Descriptio. 
ICE· J 96PC 
Emulation 
Board. user cable. target 


interrace board (PLCC). host. 
diagnostic. 
and tutorial 
software 
on 


5 '/." 
DOS diskette. and Crystal 
Power 
Accessory with power cable 
Same as above except does not 
include Crystal 
Power Accessory 
Crystal 
Power ,\ccessory and power 
cable only 
D86C96NL 
C-96 Compiler* 
D86PLM96NL 
PUM·96 
Compiler* 
D86ASM96NL 
ASM·96 Assembler* 


*Includes: 
Relocator/Linker. 
Object·to·hex 
Converter. 
Floating 
POint Arithmetic 
Library. 
Librarian 


For more inrormation 
or the number or your nearest sales 
office call 800-548·4725 
(good in the U.S. and Canada). 


U~ITED STATES. Intel Corporation 
3065 Bowers Ave.. Santa Clara. CA 95051 
Tel: (408) 987·8080 
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APPLICATION 
NOTE 
AP-125 


Desiglrling Microcontroller 
Systt!ms for Electrically 
Noiisy Environments 


TOM WilliAMSON 
MCO APPLICATIONS 
ENGINEER 


Digital circuits are often thought of as being immune to 
noise problems, but really they're not. Noises in digital 
systems produce software upsets: program jumps to ap- 
parently random locations in memory. Noise-induced 
glitches in the signal lines can cause such problems, but 
the supply voltage is more sensitive to glitches than the 
signal lines. 


Severe noise conditions, those invdving 
electrostatic 
discharges, or as found in automotive environments, 
can do permanent damage to the hardware. Electrostat- 
ic discharges can blow a crater in the silicon. In the 
automotive 
environment, 
in ordinary 
operation, 
the 
"12V" power line can shown + and -400V transients. 


This Application Note describes some electrical noises 
and noise environments. Design considerations, along 
the lines of PCB layout, power supply distribution and 
decoupling, and shielding and grounding techniques, 
that may help minimize noise susceptibility are re- 
viewed. Special attention is given to the automotive and 
ESD environments. 


Noise problems are not usually encountered during the 
development phase of a microcontroJler system. This is 
because benches rarely simulate the system's intended 
environment. Noise problems tend not to show up until 
the system is installed and operating in its intended en- 
vironment. Then, after a few minutes or hours of nor- 
mal operation the system finds itself someplace out in 
left field. Inputs are ignored and outputs are gibberish. 
The system may respond to a reset, or it may have to be 
turned off physically and then back on again, at which 
point it commences operating as though nothing had 
happened. There may be an obvious cause, such as an 
electrostatic discharge from somebody's finger to a key- 
board or the upset occurs every time-a copier machine 
is turned on or off. Or there may be no obvious cause, 
and nothing the operator can do will make the upset 
repeat itself. But a few minutes, or a few hours, or a few 
days later it happens again. 


One symptom of electrical noise problems is random- 
ness, both in the occurrence of the problem and in what 
the system does in its failure. All operational upsets 
that occur at seemingly random intervals are not neces- 
sarily caused by noise in the system. Marginal VCC, 
inadequate 
decoupling, 
rarely encountered 
software 
conditions, or timing coincidences can produce upsets 
that seem to occur randomly. On the other hand, some 
noise sources can prodjlce upsets downright periodical- 
ly. Nevertheless, the more difficult it is to characterize 
an upset as to cause and effect, the more likely it is to 
be a noise problem. 


The name given to electrical noises other than those 
that are inherent in the circuit components (such as 
thermal noise) is EMI: electromagnetic 
interference. 


Motors, power switches, fluorescent lights, electrostatic 
discharges, etc., are sources of EMI. There is a veritable 
alphabet soup of EMI types, and these are briefly de- 
scribed below. 


Anything that switches heavy current loads onto or off 
of AC or DC power lines will cause large transients in 
these power lines. Switching an electric typewriter on 
or off, for example, can put a lOOOVspike onto the AC 
power lines. 


The basic mechanism behind supply line transients is 
shown in Figure I. The battery represents any power 
source, AC or DC. The coils represent the line induc- 
tance between the power source and the switchable 
loads Rl and R2. Ifboth loads are drawing current, the 
line current flowing through the line inductance estab- 
lishes a magnetic field of some value. Then, when one 
of the loads is switched off, the field due to that compo- 
nent of the line current collapses, generating transient 
voltages, v = L(dildt), which try to maintain the cur- 
rent at its original level. That's called an "inductive 
kick." Because of contact bounce, transients are gener- 
ated whether the switch is being opened or closed, but 
they're worse when the switch is being opened. 


An inductive kick of one type or another is involved in 
most line transients, including those found in the auto- 
motive environment. Other mechanisms for line tran- 
sients exist, involving noise pickup on the lines. The 
noise voltages are then conducted to a susceptible cir- 
cuit right along with the power. 


Anything that produces arcs or sparks will radiate elec- 
tromagnetic pulses (EMP) or radio-frequency interfer- 
ence (RFI). 


inter 


Spark discharges have probably caused more software 
upsets in digital equipment than any other single noise 
source. The upsetting mechanism 
J.S the EMP produced 
by the spark. The EMP induces transients in the cir- 
cuit, which are what actually cau~e the upset. 


Arcs and sparks occur in automotive ignition systems, 
electric motors, switches, static discharges, etc. Electric 
motors that have commutator bars produce an arc as 
the brushes pass from one bar to ':he next. DC motors 
and the "universal" (AC/DC) motors that are used to 
power hand tools are the kinds that have commutator 
bars. In switches, the same inductive kick that puts 
transients on the supply lines will cause an opening or 
closing switch to throw a spark. 


Electrostatic discharge (ESD) is the spark that occurs 
when a person picks up a static charge from walking 
across a carpet, and then discharg~:sit into a keyboard, 
or whatever else can be touched. Walking across a car- 
pet in a dry climate, a person can accumulate a static 
voltage of 35kV. The current pulse from an electrostat- 
ic discharge has an extremely fast risetime - 
typically, 
4A/ns. Figure 2 shows ESD waveforms that have been 
observed by some investigators of JESDphenomena. 


It is enlightening to calculate the L(di/dt) voltage re- 
quired to drive an ESD current pulse through a couple 
of inches of straight wire. Two inc:hesof straight wire 
has about 50 nH of inductance. That's not very much, 
but using 50 nH for Land 
4A/m; for dVdt gives an 
L(di/dt) 
drop of about 200V. Recent observations by 
W.M. King suggest even faster risetimes (Figure 2b) 
and the occurrence of multiple discharges during a sin- 
gle discharge event. 


Obviously, ESD-sensitivity needs 
1.0 be considered in 
the design of equipment that is going to be subjected to 
it, such as office equipment. 


Currents in ground lines are another source of noise. 
These can be 60 Hz currents from the power lines, or 
RF hash, or crosstalk from other signals that are shar- 
ing this particular wire as a signal return line. Noise in 
the ground lines is often referred to as a "ground loop" 
problem. The basic concept of the ground loop is 
shown 
in 
Figure 
3. 
The 
prob:lem is 
that 
true 
earth-ground is not really at the same potential in all 
locations. If the two ends of a wire are earth-grounded 
at different locations, the voltage dif1'erencebetween the 
two "ground" points can drive significant currents (sev- 
eral amperes) through the wire. Consider the wire to be 
part of a loop which contains, in addition to the wire, a 
voltage source that represents the difference in poten- 
tial between the two ground points, and you have 


the classical "ground loop." By extension, the term is 
used to refer to any unwanted (and often unexpected) 
currents in a ground line. 


Radiated noise is noise that arrives at the victim circuit 
in the form of electromagnetic radiation, such as EMP 
and RFI. It causes trouble by inducing extraneous volt- 
ages in the circuit. Conducted noise is noise that arrives 
at the victim circuit already in the form of an extrane- 
ous voltage, typically via the AC or DC power lines. 


One defends against radiated noise by care in designing 
layouts and the use of effective shielding techniques. 
One defends against conducted noise with fIlters and 
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suppressors, 
although 
layouts 
and 
grounding 
tech- 


niques are important here, too. 


Addressing noise problems after the design of a system 
has been completed is an expensive proposition. The ill 
will generated by failures in the field is not cheap either. 
It's cheaper in the long run to invest a little time and 
money in learning about noise and noise simulation 
equipment, so that controlled tests ean be made on the 
bench as the design is developing. 


Simulating the intended noise environment is a two- 
step process: First you have to recognize what the noise 
environment is, that is, you have to lmow what kinds of 
electrical noises are present, and which of them are go- 
ing to cause trouble. Don't ignore this first step, be- 
cause it's important. If you invest in an induction coil 
spark generator just because your application is auto- 
motive, you'll be straining at the gnat and swallowing 
the camel. Spark plug noise is the least of your worries 
in that environment. 


The second step is to generate the dectrical noise in a 
controlled manner. This is usually more difficult than 
first imagined; one first imagines the simulation in 
terms of a waveform generator and a few spare parts, 
and then finds that a wideband power amplifier with a 
200V dynamic range is also required. A good source of 
information 
on who supplies what noise-simulating 


equipment is the 1981 "ITEM" Directory and Design 
Guide (Reference 6). 


Types of Failures and Faillure 
Mechanisms 


A major problem that EMI can cause in digital systems 
is intermittent operational malfunction. These software 
upsets occur when the system is in operation at the time 
an EMI source is activated, and are usually character- 
ized by a loss of information or a jump in the execution 


of the program to some random location in memory. 
The person who has to iron out such problems is tempt- 
ed to say the program counter went crazy. There is 
usually no damage to the hardware, and normal opera- 
tion can resume as soon as the EMI has passed or the 
source is de-activated. Resuming normal operation usu- 
ally requires manual or automatic reset, and possibly 
re-entering of lost information. 


Electrostatic discharges from operating personnel can 
cause not only software upsets, but also permanent 
("hard") damage to the system. For this to happen the 
system doesn't even have to be in operation. Sometimes 
the permanent damage is latent, meaning the initial 
damage may be marginal and require further aggrava- 
tion through operating stress and time before perma- 
nent failure takes place. Sometimes too the damage is 
hidden. 


One ESD-related failure mechanism that has been iden- 
tified has to do with the bias voltage on the substrate of 
the chip. On some CPU chips the substrate is held at 
-2.5V by a phase-shift oscillator working into a capac- 
itor/diode 
clamping circuit. This is called a "charge 


pump" in chip-design circles. If the substrate wanders 
too far in either direction, program read errors are not- 
ed. Some designs have been known to allow electrostat- 
ic discharge currents to flow directly into port pins of 
an 8048. The resulting damage to the oxide causes an 
increase in leakage current, 
which loads down the 


charge pump, reducing the substrate voltage to a mar- 
ginal or unacceptable level. The system is then unreli- 
able or completely inoperative until the CPU chip is 
replaced. But if the CPU chip was subjected to a dis- 
charge spark once, it will eventually happen again. 


Chips that have a grounded substrate, such as the 8748, 
can sometimes sustain some oxide damage without ac- 
tually becoming inoperative. In this case the damage is 
present, and the increased leakage current is noted; 
however, since the substrate voltage retains its design 
value, the damage is largely hidden. 
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It must therefore be recognized that connecting port 
pins unprotected to a keyboard or to anything else that 
is subject to electrostatic discharges, makes an extreme- 
ly dangerous configuration. It doesn't make any differ- 
ence what CPU chip is being used, or who makes it. If 
it connects unprotected to a keyboard, it will eventually 
be destroyed. Designing for an ESD-environment will 
be discussed further on. 


We might note here that MOS chips are not the only 
components that are susceptible to permanent 
ESD 


damage. Bipolar and linear chips can also be damaged 
in this way. PN junctions are subje<:tto a hard failure 
mechanism called thermal secondzlry breakdown, in 
which a current spike, such as from an electrostatic 
discharge, causes microscopically loealized spots in the 
junction to approach melt temperatures. 
Low power 


TTL chips are subject to this type of damage, as are 
op-amps. Op-amps, in addition, often carryon-chip 
MOS capacitors which are directly across an external 
pin combination, and these are susceptible to dielectric 
breakdown. 


We return now to the subject of software upsets. Noise 
transients can upset the chip through any pin, even an 
output pin, because every pin on the chip connects to 
the substrate through a pn junction. However, the most 
vulnerable pin is probably the VCC line, since it has 
direct access to all parts of the chip: l~veryregister, gate, 
flip-flop and buffer. 


The 
menu 
of possible upset me~hanisrns is quite 
lengthy. A transient on the substratl: at the wrong time 
will generally cause a program read error. A false level 
at a control input can cause an extraneous or misdirect- 
ed opcode fetch. A disturbance on [he supply line can 
flip a bit in the program counter or instruction register. 
A short interruption or reversal of polarity on the sup- 
ply line can actually turn the proceswr off, but not long 
enough for the power-up reset capacitor to discharge. 
Thus when the transient ends, the chip starts up again 
without a reset. 


A common failure mode is for the processor to lock 
itself into a tight loop. Here it may be executing the 
data in a table, or the program 
counter may have 


jumped a notch, so that the processor is now executing 
operands instead of opcodes, or it may be trying to 
fetch opcodes from a nonexistent external program 
memory. 


It should be emphasized that mechanisms for upsets 
have to do with the arrival of noise-induced transients 
at the pins of the chips, rather than with the generation 
of noise pulses within the chip itself, that is, it's not the 
chip that is picking up noise, it's the circuit. 


Prevention is usually cheaper than suppression, so first 
we'll consider some preventive methDds that might help 


to minimize the generation of noise voltages in the cir- 
cuit. These methods involve grounding, shielding, and 
wiring techniques that are directed toward the mecha- 
nisms by which noise voltages are generated in the cir- 
cuit. We'll also discuss methods of decoupling. Then 
we'll look at some schemes for making a graceful recov- 
ery from upsets that occur in spite of preventive mea- 
sures. Lastly, we'll take another look at two special 
problem areas: electrostatic discharges and the automo- 
tive environment. 


The first thing most people learn about electricity is 
that current won't flow unless it can flow in a closed 
loop. This simple fact is sometimes temporarily forgot- 
ten by the overworked engineer who has spent the past 
several years mastering the intricacies of the DO loop, 
the timing loop, the feedback,loop, and maybe even the 
ground loop. The simple current loop probably owes its 
apparent demise to the invention of the ground symbol. 
By a stroke of the pen one avoids having to draw the 
return paths of most of the current loops in the circuit. 
Then "ground" turns into an infinite current sink, so 
that any current that flows into it is gone and forgotten. 
Forgotten it may be, but it's not gone. It must return to 
its source, so that its path will by all the laws of nature 
form a closed loop. 


The physical geometry of a given current loop is the 
key to why it generates EMI, why it's susceptible to 
EMI, and how to shield it. Specifically, it's the area of 
the loop that matters. 


Any flow of current generates a magnetic field whose 
intensity varies inversely to the distance from the wire 
that carries the current. Two parallel wires conducting 
currents + I and - I (as in signal feed and return lines) 
would generate a nonzero magnetic field near the wires, 
where the distance from a given point to one wire is 
noticeably different from the distance to the other wire, 
but farther away (relative to the wire spacing), where 
the distances from a given point to either wire are about 
the same, the fields from both wires tend to cancel out. 
Thus, maintaining proximity between feed and return 
paths is an important way to minimize their interfer- 
ence with other signals. The way to maintain their 
proximity is essentially to minimize their loop area. 
And, because the mutual inductance from current loop 
A to current loop B is the same as the mutual induc- 
tance from current loop B to current loop A, a circuit 
that doesn't radiate interference doesn't receive it ei- 
ther. 


Thus, from the standpoint of reducing both generation 
of EMI and susceptibility to EMI, the hard rule is to 
keep loop areas small. To say that loop areas should be 
minimized is the same as saying the circuit inductance 


should be minimized. Inductance is by definition the 
constant of proportionality 
lx,tween current and the 
magnetic field it produces: 4> ,= LI. Holding the feed 
and return wires close together so as to promote field 
cancellation can be described either as minimizing the 
loop area or as minimizing L. It's the same thing. 


There are three basic kinds of shields: shielding against 
capacitive coupling, shielding against inductive cou- 
pling, and RF shielding. Capacitive coupling is electric 
field coupling, so shielding against it amounts to shield- 
ing against electric fields. As will be seen, this is rela- 
tively easy. Inductive coupling is magnetic field cou- 
pling, so shielding against it is ,;hielding against mag- 
netic fields. This is a little mere difficult. Strangely 
enough, this type of shielding does not in general in- 
volve the use of magnetic materials. RF shielding, the 
classical "metallic barrier" against all sorts of electro- 
magnetic fields, is what most peclplepicture when they 
think about shielding. Its effectiveness depends partly 
on the selection of the shielding material, but mostly, as 
it turns out, on the treatment of its seams and the ge- 
ometry of its openings. 


Capacitive coupling involves the passage of interfering 
signals through mutual or stray capacitances that aren't 
shown on the circuit diagram, but which the experi- 
enced engineer knows are there. Capacitive coupling to 
one's body is what would cause an unstable oscillator to 
change its frequency when the person reaches his hand 
over the circuit, for example. More importantly, in a 
digital system it causes crosstalk in multi-wire cables. 


The way to block capacitive coupling is to enclose the 
circuit or conductor you want to protect in a metal 
shield. That's called an electrostatic or Faraday shield. 
If coverage is 100%, the shield does not have to be 
grounded, but it usually is, to en'lUre that circuit-to- 
shield capacitances go to signal reference ground rather 
than act as feedback and crosstalk elements. Besides, 
from a mechanical point of view, grounding it is almost 
inevitable. 


A grounded Faraday shield can be used to break capac- 
itive coupling between a noisy circuit and a victim cir· 
cuit, as shown in Figure 4. Figure 4a shows two circuits 
capacitively coupled through the stray capacitance be- 
tween them. In Figure 4b the stray capacitance is inter- 
cepted by a grounded Faraday shield, so that interfer- 
ence currents are shunted to ground. For example, a 
grounded plane can be inserted between PCBs (printed 
circuit boards) to eliminate most of the capacitive cou- 
pling between them. 


Another application of the Faraday shield is in the elec- 
trostatically shielded transformer. Here, a conducting 
foil is laid between the primary and secondary coils so 
as to intercept the capacitive coupling between them. If 
a system is being upset by AC line transients, this type 
of transformer may provide the fix. To be effective in 
this application, the shield must be connected to the 
greenwire ground. 


With inductive coupling, the physical mechanism in- 
volved is a magnetic flux density B from some external 
interference source that links with a current loop in the 
victim circuit, and generates a voltage in the loop in 
accordance with Lenz's law: v = - NA(dB/dt), 
where 


in this case N = I and A is the area of the current loop 
in the victim circuit. 


There are two aspects to defending a circuit against 
inductive pickup. One aspect is to try to minimize the 
offensive fields at their source. This is done by minimiz- 
ing the area of the current loop at the source so as to 
promote field cancellation, as described in the section 
on current loops. The other aspect is to minimize the 
inductive pickup in the victim circuit by minimizing the 
area of that current loop, since, from Lenz's law, the 
induced voltage is proportional to this area. So the two 
aspects really involve the same corrective action: mini- 
mize the areas of the current loops. In other words, 
minimizing the offensiveness of a circuit inherently 
minimizes its susceptibility. 


(b) Electrostatic 
Shielding 


Figure 4. Use of Faraday 
Shield 
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Shielding against inductive coupling means nothing 
more nor less than controlling the dimensions of the 
current loops in the circuit. We must look at four ex- 
amples of this type of "shielding": the coaxial cable, the 
twisted pair, the ground plane, and the gridded-ground 
PCB layout. 


The Coaxial Cable-Figure 
5 shows a coaxial cable 


carrying a current I from a signal source to a receiving 
load. The shield carries the same current as the center 
conductor. Outside the shield, the magnetic field pro- 
duced by + I flowing in the center ;onductor is can- 
celled by the field produced by - I flowing in the 
shield. To the extent that the cable is ideal in producing 
zero external magnetic field, it is immune to inductive 
pickup from external sources. The cable adds effective- 
ly zero area to the loop. This is true only if the shield 
carries the same current as the center conductor. 


In the real world, both the signal source and the receiv- 
ing load are likely to have one end connected to a com- 
mon signal ground. In that case, should the cable be 
grounded at one end, both ends, or neither end? The 
answer is that it should be grounded at both ends. Fig- 
ure 6a shows the situation when th.e cable shield is 
grounded at only one end. In that cas,~the current loop 
runs down the center conductor of the cable, then back 
through the common ground connection. The loop area 
is not well defined. The shield not only does not carry 
the same current as the center conductor, but it doesn't 
carry any current at all. There is no fit:ldcancellation at 
all. The shield has no effect whatsoever on either the 
generation of EMI or susceptibility to EMI. (It is, how- 
ever, still effective as an electrostatic shield, or at least 
it would be if the shield coverage were 100%.) 


Figure 6b shows the situation when the cable is ground- 
ed at both ends. Does the shield carryall 
of the return 


current, or only a portion of it on account of the shunt- 
ing effect of the common ground connection? The an- 
swer to that question depends on the frequency content 
of the signal. In general, the current loop will follow the 
path of least impedance. At low frequencies, 0 Hz to 
several kHz, where the inductive reactance is insignifi- 
cant, the current will follow the path of least resistance. 
Above a few kHz, where inductive re,ictance predomi- 
nates, the current will follow the path of least induc- 
tance. The path of least inductanet: is the path of 
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(b) Two Return Paths 


Figure 6. Use of Coaxial Cable 


minimum loop area. Hence, for higher frequencies the 
shield carries virtually the same current as the center 
conductor, and is therefore effective against both gener- 
ation and reception of EMI. 


Note that we have now introduced the famous "ground 
loop" problem, as shown in Figure 7a. Fortunately, a 
digital system has some built-in immunity to moderate 
ground loop noise. In a noisy environment, however, 
one can break the ground loop, and still maintain the 
shielding effectiveness of the coaxial cable, by inserting 
an optical coupler, as shown in Figure 7b. What the 
optical coupler does, basically, is allow us to re-define 
the signal source as being ungrounded, so that that end 
of the cable need not be grounded, and still lets the 
shield carry the same current as the center conductor. 
Obviously, if the signal source weren't grounded in the 
first place, the optical coupler wouldn't be needed. 


The Twisted Pair-A 
cheaper way to minimize loop 


area is to run the feed and return wires right next to 
each other. This isn't as effective as a coaxial cable in 
minimizing loop area. An ideal coaxial cable adds zero 
area to the loop, whereas merely keeping the feed and 
return wires next to each other is bound to add a finite 
area. 


However, two things work to make this cheaper meth- 
od almost as good as a coaxial cable. First, real coaxial 
cables are not ideal. If the shield current isn't evenly 
distributed around the center conductor at every cross- 
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(b) Breaking the Ground Loop 


Figure 7. Use of Optical Coupler 


section of the cable (it isn't), then field cancellation ex- 
ternal to the shield is incomplete. If field cancellation is 
incomplete, then the effective area added to the loop by 
the cable isn't zero. Second, in the cheaper method the 
feed and return wires can be twisted together. This not 
only maintains their proximity, but the noise picked up 
in one twist tends to cancel out the noise picked up in 
the next twist down the line. Thus the "twisted pair" 
turns out to be about as good a shield against inductive 
coupling as coaxial cable is. 


The twisted pair does not, however, provide electrostat- 
ic shielding (i.e., shielding against capacitive coupling). 
Another operational difference between them is that 
the coaxial cable works better at higher frequencies. 
This is primarily because the twisted pair adds more 
capacitive loading to the signal source than the coaxial 
cable does. The twisted pair is nJrmally considered use- 
ful up to only about I MHz, as opposed to near a GHz 
for the coaxial cable. 


The Ground Plane-- The best way to minImiZe loop 
areas when many current loops are involved is to use a 
ground plane. A ground plane lS a conducting surface 
that is to serve as a return conductor for all the current 
loops in the circuit. Normally, i1would be one or more 
layers of a multilayer PCB. All ground points in the 
circuit go not to a grounded trace on the PCB, but 
directly to the ground plane. This leaves each current 
loop in the circuit free to complete itself in whatever 
configuration yields minimum loop area (for frequen- 
cies wherein the ground path i:npedance is primarily 
inductive). 


Thus, if the feed path for a given signal zigzags its way 
across the PCB, the return path for this signal is free to 
zigzag right along beneath it on the ground plane, in 
such a configuration as to minimize the energy stored 
in the magnetic field produced by this current loop. 
Minimal magnetic flux means minimal effective loop 
area and minimal susceptibility to inductive coupling. 


The Gridded-Ground 
PCB 
Layout-The 
next best 


thing to a ground plane is to layout the ground traces 
on a PCB in the form of a grid structure, as shown in 
Figure 8. Laying horizontal traces on one side of the 
board and vertical traces on the other side allows the 
passage of signal and power traces. Wherever vertical 
and horizontal ground traces cross, they must be con- 
nected by a feed-through. 


Have we not created here a network of "ground loops"? 
Yes, in the literal sense of the word, but loops in the 
ground layout on a PCB are not to be feared. Such 
inoffensive little loops have never caused as much noise 
pickup as their avoidance has. Trying to avoid innocent 
little loops in the ground layout, PCB designers have 
forced current loops into geometries that could swallow 
a whale. That is exactly the wrong thing to do. 


The gridded ground structure works almost as well as 
the ground plane, as far as minimizing loop area is con- 
cerned. For a given current loop, the primary return 
path may have to zig once in a while where its feed path 
zags, but you still get a mathematically optimal dis- 
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tribution of currents in the grid structure, such that the 
current loop produces less magnetic flux than if the 
return path were restrained to follow any single given 
ground trace. The key to attaining minimum loop areas 
for all the current loops together is to let the ground 
currents distribute themselves around the entire area of 
the board as freely as possible. They want to minimize 
their own magnetic field. Just let them. 


A time-varying electric field generates a time-varying 
magnetic field, and vice versa. Far from the source of a 
time-varying EM field, the ratio of the amplitudes of 
the electric and magnetic fields is always 377ft 
Up 
close to the source of the fields, however, this ratio can 
be quite different, and dependent on the nature of the 
source. Where the ratio is near 3770 is called the far 
field, and where the ratio is significantly different from 
3770 is called the near field. The ratio itself is called 
the wave impedance, E/H. 


The near field goes out about 1/6 oJ'a wavelength from 
the source. At I MHz this is about 150 feet, and at 10 
MHz it's about 15 feet. That means if an EMI source is 
in the same room with the victim eircuit, it's likely to 
be a near field problem. The reason this matters is that 
in the near field an RF interference problem could be 
almost entirely due to E-field coupling or H-field cou- 
pling, and that could influence the choice of an RF 
shield or whether an RF shield will help at all. 


In the near field of a whip antenna, the E/H ratio is 
higher than 3770, which means it's mainly an E-field 
generator. A wire-wrap post can be a whip antenna. 
Interference from a whip antenna would be by electric 
field coupling, which is basically capacitive coupling. 
Methods to protect a circuit from capacitive coupling, 
such 
as 
a 
Faraday 
shield, 
would 
be 
effective 


against RF interference from a whip antenna. A grid- 
ded-ground structure would be less effective. 


In the near field of a loop antenna, the E/H ratio is 
lower than 3770, which means it's mainly an H-field 
generator. Any current loop is a loop antenna. Interfer- 
ence from a loop antenna would be by magnetic field 
coupling, which is basically the same as inductive cou- 
pling. Methods to protect a circuit from inductive cou- 
pling, such as a gridded-ground structure, would be ef- 
fective against RF interference from a loop antenna. A 
Faraday shield would be less effective. 


A more difficult case of RF interference, near field or 
far field, may require a genuine metallic RF shield. The 
idea behind RF shielding is that time-varying EMI 
fields induce currents in the shielding material. The in- 
duced currents dissipate energy in two ways: I2R losses 
in the shielding material and radiation losses as they re- 
radiate their own EM fields. The energy for both of 
these mechanisms is drawn from the impinging EMI 
fields. Hence the EMI is weakened as it penetrates the 
shield. 


More formally, the I2R losses are referred to as absorp- 
tion loss, and the re-radiation is called reflection loss. 
As it turns out, absorption loss is the primary shielding 
mechanism for H-fields, and reflection loss is the pri- 
mary shielding mechanism for E-fields. Reflection loss, 
being a surface phenomenon, is pretty much indepen- 
dent of the thickness of the shielding material. Both 
loss mechanisms, however, are dependent on the fre- 
quency (w) of the impinging EMI field, and on the 
permeability (Il-) and conductivity (cr) of the shielding 
material. These loss mechanisms vary approximately as 
follows: 
cr 
reflection loss to an E-field (in dB) ~ log- 
wll- 


absorption loss to an H-field (in dB) ~ 
tJwcrll- 


The first expression indicates that E-field shielding is 
more effective if the shield material is highly conduc- 
tive, and less effective if the shield if ferromagnetic, and 
that low-frequency fields are easier to block than high- 
frequency fields. This is shown in Figure 9. 
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Copper and aluminum both have the same permeabili- 
ty, but copper is slightly more conductive, and so pro- 
vides slightly greater reflection loss to an E-field. Steel 
is less effective for two reasons. First, it has a somewhat 
elevated permeability due to its iron content, and sec- 
ond, as tends to be the case with magnetic materials, it 
is less conductive. 


On the other hand, according to the expression for ab- 
sorption loss to an H-field, H-field shielding is more 
effective at higher frequencies and with shield material 
that has both high conductivity and high permeability. 
In practice, however, selecting steel for its high perme- 
ability involves some compromise in conductivity. But 
the increase in permeability more than makes up for the 
decrease in conductivity, as can be seen in Figure 10. 
This figure also shows the effect of shield thickness. 


A composite of E-field and H-field shielding is shown 
in Figure II. However, this type of data is meaningful 
only in the far field. In the near field the EMI could be 
90% H-field, in which case the reflection loss is irrele- 
vant. It would be advisable then to beef up the absorp- 
tion loss, at the expense of reflection loss, by choosing 
steel. A better conductor than steel might be less expen- 
sive, but quite ineffective. 
. 


A different shielding mechanism that can be taken ad- 
vantage offor low frequency magnetic fields is the abili- 
ty of a high permeability material :mch as mumetal to 
divert the field by presenting a very low reluctance path 
to the magnetic flux. Above a few kHz, however, the 
permeability of such materials is the same as steel. 


In actual fact the selection of a shielding material turns 
out to be less important than the presence of seams, 
joints and holes in the physical structure of the enclo- 
sure. The shielding mechanisms are related to the in- 
duction of currents in the shield material, but the cur- 
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rents must be allowed to flow freely. If they have to 
detour around slots and holes, as shown in Figure 12, 
the shield loses much of its effectiveness. 


As can be seen in Figure 12, the severity of the detour 
has less to do with the area of the hole than it does with 
the geometry of the hole. Comparing Figure 12c with 
12d shows that a long narrow discontinuity such as a 
seam ca!J cause more RF leakage than a line of holes 
with larger total area. A person who is responsible for 
designing or selecting rack or chassis enclosures for an 
EMI environment needs to be familiar with the tech- 
niques that are available for maintaining electrical con- 
tinuity across seams. Information on these techniques is 
available in the references. 


There are two kinds of grounds: earth-ground and sig- 
nal ground. The earth is not an equipotential surface, so 
earth ground potential varies. That and its other electri- 
cal properties are not conducive to its use as a return 
conductor in a circuit. However, circuits are often con- 
nected to earth ground for protection against shock 
hazards. The other kind of ground, signal ground, is an 
arbitrarily 
selected reference node in a circuit-the 
node with respect to which other node voltages in the 
circuit are measured. 


The standard 3-wire single-phase AC power distribu- 
tion system is represented in Figure 13. The white wire 
is earth-grounded at the service entrance. If a load cir- 
cuit has a metal enclosure or chassis, and if the black 
wire develops a short to the enclosure, there will be a 
shock hazard to operating personnel, unless the enclo- 
sure itself is earth-grounded. If the enclosure is earth- 
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grounded, a short results in a blown fuse rather than a 
"hot" enclosure. The earth-ground connection to the 
enclosure is called a safety ground. The advantage of 
the 3-wire power system is that it distributes a safety 
ground along with the power. 


Note that the safety-ground wire carries no current, 
except in case of a fault, so that at least for low frequen- 
cies it's 
at earth-ground 
potential 
along its entire 


length. The white wire, on the other hand, may be sev- 
eral volts ofT ground, due to the IR drop along its 
length. 
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EARTH·GROUND 


Signal ground is a single point in a circuit that is desig- 
nated to be the reference node for the circuit. Common- 
ly, wires that connect to this single point are also re- 
ferred to as "signal ground." In some circles "power 
supply common" or PSC is the preferred terminology 
for these conductors. In any case, the manner in which 
these wires connect to the actual reference point is the 
basis of distinction among three kinds of signal-ground 
wiring methods: series, parallel, and multipoint. These 
methods are shown in Figure 14. 


The series connection is pretty common because it's 
simple and economical. It's the noisiest of the three, 
however, due to common ground impedance coupling 
between the circuits. When several circuits share a 
ground wire, currents from one circuit, flowing through 
the finite impedance of the common ground line, cause 
variations in the ground potential of the other circuits. 
Given that the currents in a digital system tend to be 
spiked, and that the common impedance is mainly in- 
ductive reactance, the variations could be bad enough 
to cause bit errors in high current or particularly noisy 
situations. 


The parallel connection eliminates common ground im- 
pedance problems, but uses a lot of wire. Other disad- 
vantages are that 
the impedance of the individual 


ground lines can be very high, and the ground lines 
themselves can become sources of EMI. 


In the multipoint 
system, 
ground 
impedance 
is mini- 
mized by using a ground 
plant' with the various 
circuits 
connected 
to it by very short ground 
leads. This type of 


connection 
would 
be used ma nly in RF circuits 
above 
10 MHz. 


A 
combination 
of series 
and 
parallel 
ground-wiring 
methods 
can 
be used 
to trade 
off economic 
and 
the 


various 
electrical 
considerations. 
The idea is to run se- 


ries 
connections 
for 
circuits 
that 
have 
similar 
noise 
properties, 
and 
connect 
them 
at 
a single 
reference 


point, 
as in the parallel 
method, 
as shown 
in Figure 
15. 


In Figure 
15, "noisy 
signal ground" 
connects 
to things 
like motors 
and relays. 
Hardware 
ground 
is the safety 


ground 
connection 
to chassis, 
racks, and cabinets. 
It's a 
mistake 
to use the hardware 
grcund 
as a return 
path for 


signal 
currents 
because 
it's 
fairly 
noisy 
(for example, 


it's the hardware 
ground 
that 
;:eceives an ESD 
spark) 


and 
tends 
to have 
high 
resistance 
due 
to joints 
and 


seams. 


Multipoint 
Conne<ction 


Figure 
14. Three 
Ways to Wire the Grounds 


NOISY 
HARDWARE 


AND HIGH 
GROUND 
CURRENT 
SIGNAL 
GROUND 


Figure 
15. Parallel 
Connection 
of Series 
Grounds 


Screws 
and 
bolts 
don't 
always 
make 
good 
electrical 


connections 
because 
of galvanic 
action, 
corrosion, 
and 


dirt. These kinds of connections 
may work well at first, 


and then cause mysterious 
maladies 
as the system ages. 


Figure 
16 illustrates 
a grounding 
system 
for a 9-track 


digital 
tape recorder, 
showing 
an application 
of the se- 


ries/parallel 
ground-wiring 
method. 


Figure 
17 shows a similar 
separation 
of grounds 
at the 


PCB level. Currents 
in multiplexed 
LED 
displays 
tend 


to put 
a lot of noise 
on the ground 
and 
supply 
lines 


because 
of the 
constant 
switching 
and 
changing 
in- 


volved 
in the 
scanning 
process. 
The 
segment 
driver 


ground 
is relatively 
quiet, 
since it doesn't 
conduct 
the 


LED 
currents. 
The digit driver 
ground 
is noisier, 
and 
should 
be provided 
with 
a separate 
path 
to the 
PCB 


ground 
terminal, 
even if the PCB ground 
layout 
is grid- 


ded. The LED 
feed and return 
current 
paths 
should 
be 


laid out on opposite 
sides of the board 
like parallel 
flat 
conductors. 


Figure 
18 shows right and wrong 
ways to make ground 
connections 
in racks. 
Note that 
the safety ground 
con- 


nections 
from panel 
to rack are made 
through 
ground 
straps, 
not panel screws. 
Rack 
I correctly 
connects 
sig- 


nal ground 
to rack ground 
only at the single reference 


point. 
Rack 
2 incorrectly 
connects 
signal 
ground 
to 


rack 
ground 
at 
two 
points, 
creating 
a ground 
loop 


around 
points 
I, 2, 3, 4, 1. 


Breaking 
the "electronics 
ground" 
connection 
to point 


I eliminates 
the ground 
loop, but leaves signal ground 


in rack 2 sharing 
a ground 
impedance 
with the relative- 


ly noisy hardware 
ground 
to the reference 
point; in fact, 


it may end up using hardware 
ground 
as a return 
path 


for signal and power 
supply 
currents. 
This will proba- 


bly cause more problems 
than 
the ground 
loop. 


Ground 
impedance 
problems 
can be virtually 
eliminat- 


ed by using braided 
cable. The reduction 
in impedance 


is due to skin effect: At higher 
frequencies 
the current 


tends 
to flow along 
the surface 
of a conductor 
rather 
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Figure 18. Electronic Circuits Mounted in Equipment Racks Should Have separate Ground 


Connections. 
Rack 1 Shows Correct Grounding, Rack 2 Shows Incorrect Grounding. 


than uniformly through its bulk. While this effect tends 
to increase the impedance of a given conductor, it also 
indicates the way to minimize impedlLnce,and that is to 
manipulate the shape of the cross-seo:tionso as to pro- 
vide more surface area. For its bulk, braided cable is 
almost pure surface. 


Power Supply Distribution 
and 


Decoupllng 


The main consideration for power supply distribution 
lines is, as for signal lines, to minimize the areas of the 
current loops. But the power supply lines take on an 
importance that no signal line has when one considers 
the fact that these lines have access to every PC board 
in the system. The very extensiveness of the supply cur- 
rent loops makes it difficult to keep loop areas small. 
And, a noise glitch on a supply line i; a glitch delivered 
to every board in the system. 


The power supply provides low-frequency current to 
the load, but the inductance of the toard-to-board 
and 


chip-to-chip distribution network makes it difficult for 
the power supply to maintain VCC specs on the chip 
while providing the current spikes that a digital system 
requires. In addition, the power supply current loop is a 
very large one, which means there will be a lot of noise 
pick-up. Figure 19a shows a load cir.:uit trying to draw 
current spikes from a supply voltage through the line 
impedance. To the VCC waveform shown in that figure 
should be added the inductive pick-up associated with a 
large loop area. 


Adding a decoupling capacitor solves two problems: 
The capacitor acts as a nearby source of charge "tosup- 
ply the current spikes through a smaller line imped- 
ance, and it defines a much smaller loop area for the 


higher frequency components of EMI. This is illustrat- 
ed in Figure 19b, which shows the capacitor supplying 
the current spike, during which VCC drops from 5V by 
the amount indicated in the figure. Between current 
spikes the capacitor recovers through the line imped- 
ance. 


One should resist the temptation to add a resistor or an 
inductor to the decoupler so as to form a genuine RC or 
LC low-pass fI1ter because that slows down the speed 
with which the decoupler cap can be refreshed. Good 
filtering and good decoupling are not necessarily the 
same thing. 


The current loop for the higher frequency currents, 
then, is defined by the decoupling cap and the load 
circuit, rather than by the power supply and the load 
circuit. For the decoupling cap to be able to provide the 
current spikes required by the load, the inductance of 
this current loop must be kept small, which is the same 
as saying the loop area must be kept small. This is also 
the requirement for minimizing inductive pick-up in 
the loop. 


There are two kinds of decoupling caps: board decou- 
pIers and chip decouplers. A board decoupler will nor- 
mally be a 10 to 100 p.F electrolytic capacitor placed 
near to where the power supply enters the PC board, 
but its placement is relatively non-critical. The purpose 
of the board decoupler is to refresh the charge on the 
chip decouplers. The chip decouplers are what actually 
provide the current spikes to the chips. A chip decou- 
pIer will normally be a 0.1 to I p.F ceramic capacitor 
placed near the chip and connected to the chip by 
traces that minimize the area of the loop formed by the 
cap and the chip. If a chip decoupler is not properly 
placed on the board, it will be ineffective as a decoupler 
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and will serve only to increase the cost of the board. 
Good and bad placement of decoupling capacitors are 
illustrated in Figure 20. 


Power distribution traces on the PC board need to be 
laid out so as to obtain minimal area (minimal induc- 
tance) in the loops formed by each chip and its decou- 
pier, and by the chip decouplers and the board decou- 
pier. One way to accomplish this goal is to use a power 
plane. A power plane is the same as a ground plane, but 
at VCC potential. More economicalJ.y,a power grid 
similar to the ground grid previollslydiscussed (Figure 
8) can be used. Actually, if the chip decoupling loops 
are small, other aspects of the power layout are less 
critical. In other words, power planes and power grid- 
ding aren't needed, but power traces should be laid in 
the closest possible proximity to ground traces, prefer- 
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The decreased 
area of loop between 
capacit"r 
& Ie decreases 


inductance. 


ably so that each power trace is on the direct opposite 
side of the board from a ground trace. 


Special-purposepower supply distribution buses which 
mount on the PCB are available.The buses use a paral- 
lel flat conductor configuration, one conductor being a 
VCC line and the other a ground line. Used in conjunc- 
tion with a gridded ground layout, they not only pro- 
vide a low-inductance distribution system, but can 
themselves form part of the ground grid, thus facilitat- 
ing the PCB layout. The buses are available with and 
without enhanced bus capacitance, under the names 
MinilBus@ and QIPAC@ 
from Rogers Corp. (5750 E. 


McKellips, Mesa, AZ 85205). 


SELECTING 
THE VALUE 
OF THE 
DECOUPLING 
CAP 


The effectivenessof the decoupling cap has a lot to do 
with the way the power and ground traces connect this 
capacitor to the chip. In fact, the area formed by this 
loop is more important than the value of the capaci- 
tance. Then, given that the area of this loop is indeed 
minimal, it can generally be said that the larger the 
value of the decoupling cap, the more effectiveit is, if 
the cap has a mica, ceramic, glass, or polystyrene di- 
electric. 


It's often said, and not altogether accurately, that the 
chip decoupler shouldn't have too large a value. There 
are two reasons for this statement. One is that some 
capacitors, because of the nature of their dielectrics, 
tend to become inductive or lossy at higher frequencies. 
This is true of electrolytic capacitors, but mica, glass, 
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ceramic, and polystyrene dielectrics work well to sever- 
al hundred MHz. The other reason cited for not using 
too large a capacitance has to do with lead inductance. 


The capacitor with its lead inductance forms a series 
LC circuit. Below the frequency of series resonance, the 
net impedance of the combination is capacitive. Above 
that frequency, the net impedance is inductive. Thus a 
decoupling capacitor is capac.tive only below the fre- 
quency of series resonance. The frequency is given by 


1 
f.--- 
0- 
27T.JLC 


where C is the decoupling capa.citance and L is the lead 
inductance between the capacitor and the chip. On a 
PC board this inductance is d,:termined by the layout, 
and is the same whether the capacitor dropped into the 
PCB holes is 0.001 I-l-For I ~~F.Thus, increasing the 
capacitance lowers the series resonant frequency. In 
fact, according to the resonant frequency formula, in- 
creasing C by a factor of 100 lowers the resonant fre- 
quency by a factor of 10. 


Figures quoted on the series resonant frequency of a 
0.01 I-l-Fcapacitor run from 10 to 15 MHz, depending 
on the lead length. If these numbers were accurate, a 
1 I-l-Fcapacitor in the same position on the board would 
have a resonant frequency of 1.0 to 1.5 MHz, and as a 
decoupler would do more hann than good. However, 
the numbers are based on a presumed inductance of a 
given length of wire (the lead It,ngth). It should be not- 
ed that a "length of wire" has no inductance at all, 
strictly speaking. Only a complete current loop has in- 
ductance, and the inductance depends on the geometry 
of the loop. Figures quoted on the inductance of a 
length of wire are based on a presumably "very large" 
loop area, such that the magnetic field produced by the 
return current has no cancellation effect on the field 
produced by the current in the given length of wire. 
Such a loop geometry is not ane!should not be the case 
with the decoupling loop. 


Figure 21 shows VCC waveforms, measured between 
pins 40 and 20 (VCC and VSS) of an 8751 CPU, for 
several conditions of decoupling on a PC board that has 
a decoupling loop area slightly larger than necessary. 
These photographs show the effects of increasing the 
decoupling capacitance and dec:reasing the area of the 
decoupling loop. The indication:; are that a 1 I-l-Fcapac- 
itor is better than a 0.1 I-l-Fcapacitor, which in turn is 
better than nothing, and that the board should have 
been laid out with more attentio:1 paid to the area of the 
decoupling loop. 


Figure 21e was obtained using a special-purpose experi- 
mental capacitor designed by Rogers Corp. (Q-Pac Di- 
vision, Mesa, AZ) for use as a decoupler. It consists of 
two parallel plates, the length of a 4O-pin DIP, separat- 
ed by a ceramic dielectric. Sandwiched between the 


CPU chip and the PCB (or between the CPU socket 
and the PCB), it makes connection to pins 40 and 20, 
forming a leadless decoupling capacitor. It is obviously 
a configuration of minimal inductance. Unfortunately, 
the particular sample tested had only 0.07 I-l-Fof capac- 
itance and so was unable to prevent the 1 MHz ripple 
as effectively as the configuration of Figure 21d. It 
seems apparent, though, that with more capacitance 
this part will alleviate a lot of decoupling problems. 


THE CASE FOR ON·BOARD 
VOLTAGE 
REGULATION 


To complicate matters, supply line glitches aren't al- 
ways picked up in the distribution networks, but can 
come from the power supply circuit itself. In that case, 
a well-designed distribution network faithfully delivers 
the glitch throughout t!)e system. The VCC glitch in 
Figure 22 was found to be coming from within a bench 
power supply in response to the EMP produced by an 
induction coil spark generator that was being used at 
Intel during a study of noise sensitivity. The VCC 
glitch is about 400 mV high and some 20 I-l-sin dura- 
tion. Normal board decoupling techniques were ineffec- 
tive in removing it, but adding an on-board voltage reg- 
ulator chip did the job. 


Thus, a good case can be made in favor of using a 
voltage regulator chip on each PCB, instead of doing all 
the voltage regulation at the supply circuit. This eases 
requirements on the heat-sinking at the supply circuit, 
and alleviates much of the distribution and board de- 
coupling headaches. However, it also brings in the pos- 
sibility that different boards would be operating 
at 
slightly different VCC levels due to tolerance in the 
regulator chips; this then leads to slightly different logic 
levels from board to board. The implications of that 
may vary from nothing to latch-up, depending on what 
kinds of chips are on the boards, and how they react to 
an input "high" that is perhaps O.4Vhigher than local 
VCC. 


Recovering 
GracefUlly from a Software 
Upset 


Even when one follows all the best guidelines for de- 
signing for a noisy environment, it's always possible for 
a noise transient to occur which exceeds the circuit's 
immunity level. In thai case, one can strive at least for a 
graceful recovery. 


Graceful recovery schemes involve additional hardware 
and/or software which is supposed to return the system 
to a normal operating mode after a software upset has 
occurred. Two decisions have to be made: How to rec- 
ognize when an upset has occurred, and what to do 
about it. 


210313-30 
(C) 0.1 fLF Decoupler 
Stretchl!d 
Directly 
from 
Pin 40 to Pin 20, under 
the Socket. 


(The difference 
between 
this and 21b Is 
due only 
to the change 
In 10011 geometry. 
Also shown 
is the upward 
slop'e of a ripple 
in VCC. The ripple 
frequEmcy 
Is 
1 MHz, the same as ALE.) 
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(d) 1.0 fLF Decoupler 
Stretched 
Directly 


from 
Pin 40 to Pin 20, under 
the Socket. 


(This prevents 
the 1 MHz ripple, 
but there's 


no reduction 
In higher 
frequency 
components. 


Further 
Increases 
in capacitance 


effected 
no further 
improvement.) 
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210313-32 
(e) Special-Purpose 
Decoupling 
Cap 
under 
Development 
by Rogers 
Corp. 
(Further 
discussion 
in text.) 


Figure 
21. Noise 
on VCC Line 
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If the designer knows what kinds and combinations of 
outputs can legally be generate:! by the system, he can 
use gates to recognize and flag the occurrence of an 
illegal state of affairs. The flag can then trigger a jump 
to a recovery routine which th'ln may check or re-ini- 
tialize data, perhaps output an error message, or gener- 
ate a simple reset. 


The most reliable scheme is to use a so-called watchdog 
circuit. Here the CPU is pro~rammed to generate a 
periodic signal as long as the :;ystem is executing in- 
structions in an expected manner. The periodic signal is 
then used to hold off a circuit th!t will trigger a jump to 
a recovery routine. The periodic signal needs to be AC- 
coupled to the trigger circuit so that a "stuck-at" fault 
won't continue to hold off the trigger. Then, if the proc- 
essor locks up someplace, the periodic signal is lost and 
the watchdog triggers a reset. 


In practice, it may be conveniem to drive the watchdog 
circuit with a signal which is being generated anyway 
by the system. One needs to be careful, however, that 
an upset does in fact discontinue that signal. Specifical- 
ly, for example, one could use one of the digit drive 
signals going to a multiplexed display. But display 
scanning is often handled in response to a timer-inter- 
rupt, which may continue operating even though the 
main program is in a failure mode. Even so, with a little 
extra software, the signal can l:e used to control the 
watchdog (see Reference 8 on this). 


Simpler schemes can work well for simpler systems. 
For example, if a CPU isn't doing anything but scan- 
ning and decoding a keyboard, there's little to lose and 
much to gain by simply resetting it periodically with an 
astable multivibrator. It only takes about 13 IJos(at 6 
MHz) to reset an 8048 if the clo<:koscillator is already 
running. 


A zero-cost measure is simply to fill all unused pro- 
gram memory with NOPs and IMPs to a recovery rou- 
tine. The effectiveness of this method is increased by 
writing the program in segments that are separated by 


NOPs and IMPs. It's still possible, of course, to get 
hung up in a data table or something. But you get a lot 
of protection, for the cost. 


Further discussion of graceful recovery schemes can be 
found in Reference 13. 


MOS chips have some built-in protection against a stat- 
ic charge build-up on the pins, as would occur during 
normal handling, but there's no protection against the 
kinds of current levels and rise times that occur in a 
genuine electrostatic spark. These kinds of discharges 
can blow a crater in the silicon. 


It must be recognized that connecting CPU pins unpro- 
tected to a keyboard or to anything else that is subject 
to electrostatic discharges makes an extremely fragile 
configuration. Buffering them is the very least one can 
do. But buffering doesn't completely solve the problem, 
because then the buffer chips will sustain the damage 
(even TTL); therefore, one might consider mounting 
the buffer chips in sockets for ease of replacement. 


Transient suppressors, such as the TranZorbs@ made 
by General Semiconductor 
Industries 
(Tempe, AZ), 


may in the long run provide the cheapest protection if 
their "zero inductance" structure is used. The structure 
and circuit application are shown in Figure 23. 


The suppressor element is a pn junction that operates 
like a Zener diode. Back-to-back units are available for 
AC operation. The element is more or less an open 
circuit at normal system voltage (the standoff voltage 
rating for the device), and conducts like a Zener diode 
at the clamping voltage. 


The lead inductance in the conventional transient sup- 
pressor package makes the conventional package essen- 
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tially useless for protection 
against 
ESD pulses, 
owing 


to the fast rise of these pulses. 
The "zero 
inductance" 
units are available 
singly in a 4-pin DIP, 
and in arrays 


of four 
to a l6-pin 
DIP 
for PCB 
level protection. 
In 


that application 
they should 
be mounted 
in close prox- 


imity 
to the chips they protect. 


In addition, 
metal 
enclosures 
or frames 
or parts 
that 


can 
receive 
an 
ESD 
spark 
should 
be 
connected 
by 


braided 
cable to the green-wire 
ground. 
Because 
of the 


ground 
impedance, 
ESD 
current 
shouldn't 
be allowed 


to flow through 
any signal ground, 
t:ven if the chips are 


protected 
by transient 
suppressors. 
A 35 kV ESD spark 


can always 
spare 
a few hundred 
volts 
to drive 
a fast 


current 
pulse down a signal ground 
line if it can't find a 


braided 
cable to follow. Think 
how delighted 
your 8048 


will be to find its VSS pin 250V higher 
than VCC for a 


few IDs of nanoseconds. 


The automobile 
presents 
an extremely 
hostile 
environ- 


ment 
for electronic 
systems. 
There 
are several 
parts 
to 


it: 


1. Temperature 
extremes 
from 
-4O"C 
to + l25·C 
(un- 


der the hood) 
or + 85·C (in the passenger 
compart- 


ment) 


2. Electromagnetic 
pulses from the ignition 
system 


3. Supply 
line transients 
that will knock 
your socks off 


One needs to take a long, careful 
look at the tempera- 
ture extremes. 
The allowable 
storage 
':emperature 
range 


for most 
Intel 
MOS 
chips 
is -65·C 
to 
+ l50·C, 
al- 


though 
some chips 
have a maximum 
storage 
tempera- 


ture 
rating 
of + l25·C. 
In operation 
(or "under 
bias," 


as the data 
sheets 
say) the allowable 
ambient 
tempera- 


ture range depends 
on the product 
glade, 
as follows: 


Grade 
Ambient 
Temperature 


Min 
Max 


Commercial 
0 
70 


Industrial 
-40 
+85 


Automotive 
-40 
+ 110 


Military 
-55 
+125 


The 
different 
product 
grades 
are 
actually 
the 
same 


chip, but tested 
according 
to different 
standards. 
Thus, 


a given commercial-grade 
chip might actually 
pass mil- 


itary temperature 
requirements, 
but not have been test- 


ed for it. (Of course, 
there are other differences 
in grad- 


ing requirements 
having 
to do with packaging, 
burn-in, 


traceability, 
etc.) 


In any case, it's apparent 
that commercial-grade 
chips 


can't 
be used 
safely 
in automotive 
applications, 
not 


even 
in the 
passenger 
compartment. 
Industrial-grade 


chips 
can be used in the passenger 
compartment, 
and 


automotive 
or military 
chips are required 
in under-the- 


hood applications. 


Ignition 
noise, 
CB radios, 
and 
that 
sort 
of thing 
are 


probably 
the least of your worries. 
In a poorly 
designed 


system, 
or in one that 
has not been adequately 
tested 


for 
the 
automotive 
environment, 
this 
type 
of 
EMI 


might 
cause 
a few software 
upsets, 
but 
not 
destroy 


chips. 


The major problem, 
and the one that seems to come as 


the 
biggest 
surprise 
to most 
people, 
is the 
line tran- 


sients. 
Regrettably, 
the 
l2V battery 
is not actually 
the 


source of power when the car is running. 
The charging 


system 
is, and 
it's not 
very clean. 
The 
only 
time 
the 


battery 
is th~ real source 
of power 
is when 
the car is 


first 
being 
started, 
and 
in that 
condition 
the 
battery 


terminals 
may be delivering 
about 
5V or 6V. As follows 


is a brief description 
of the major 
idiosyncracies 
of the 
"12V" 
automotive 
power 
line. 
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• 
An abrupt 
reduction 
in the altemator 
load causes a 
positive 
voltage 
transient 
called 
"load 
dump." 
In a 
load dump 
transient 
the line voltage 
rises to 20Y or 
30Y in a few 
J.Ls, then 
decays 
eKponentially 
with a 
time constant 
of about 
100 J.Ls, as shown 
in Figure 
24. Much 
higher 
peak 
voltage~, and 
longer 
decay 
times have also been reported. 
The worst 
case load 
dump 
is caused 
by disconnectin~ 
a low battery 
from 
the alternator 
circuit 
while the alternator 
is running. 
Normally 
this 
would 
happen 
in.termittently 
when 
the battery 
terminal 
connections 
are defective. 


• 
When 
the ignition 
is turned 
ofT, as the field excita- 


tion 
decays, 
the 
line 
voltage 
"an 
go 
to 
between 
-40Yand 
-IOOY 
for 100 J.Ls or more. 


• 
Miscellaneous 
solenoid 
switching 
transients, 
such as 
the one shown 
in Figure 
25, can drive the line to + 
or - 200Y to 400Y for several 
JJ.s. 
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• 
Mutual 
coupling 
between 
un shielded 
wires 
in long 
harnesses 
can induce 
100V and 
200Y transients 
in 
unprotected 
circuits. 


What all this adds up to is that people in the business 
of 
building 
systems 
for 
automotive 
applications 
need 
a 
comprehensive 
testing 
program. 
An 
SAE 
guideline 
which 
describes 
the automotive 
environment 
is avail- 
able 
to designers: 
SAE 
J1211, 
"Recommended 
Envi- 
ronmental 
Practices 
for Electronic 
Equipment 
Design," 
1980 SAE Handbook, Part 
I, pp. 22.80-22.96. 


Some suggestions 
for protecting 
circuitry 
are shown 
in 
Figure 
26. A transient 
suppressor 
is placed 
in front 
of 
the regulator 
chip to protect 
it. Since the rise times in 
these transients 
are not like those 
in ESD 
pulses, 
lead 
inductance 
is less critical 
and conventional 
devices 
can 
be used. The regulator 
itself is pretty 
much of a necessi- 
ty, since a load dump 
transient 
is simply not going to be 
removed 
by any conventional 
LC or RC filter. 
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Special I/O 
interfacing 
is also required, 
because of the 
need 
for 
high 
tolerance 
to voltage 
transients, 
input 
noise, input/output 
isolation, etc. In addition, 
switches 
that are being monitored 
or driven by these buffers are 
usually 
referenced 
to chassis ground 
instead 
of signal 
ground, and in a car there can be many volts difference 
between the two. 110 interfacing 
is discussed in Refer· 
ence 2. 


The EMC Education 
committee 
has available 
a video 
tape: 
"Introduction 
to 
EMC-A 
Video 
Training 
Tape," 
by Henry Otto Don White Consultants 
offers a 
series of training 
courses on many different 
aspects of 
electromagnetic 
compatibility. 
Most organizations 
that 
sponsor EMC courses also offer in-plant 
presentations. 


The main sources 
of information 
for this Application 
Note were the references 
by Ott and ')y White. Refer- 
ence 5 is probably 
the finest treatment 
currently 
avail· 
able on the subject. The other references 
provided 
spe· 
cific information 
as cited in the text. 


Courses and seminars on the subject 
01' electromagnetic 
interference 
are given regularly 
throughout 
the year. 
Information 
on these can be obtained 
from: 


IEEE 
Electromagnetic 
Compatibility 
Society 
EMC Education 
Committee 
345 East 47th Street 
New York, NY 10017 


Don White Consultants, 
Inc. 
International 
Training 
Centre 
P.O. Box D 
Gainesville, 
VA 22065 
Phone: (703) 347-0030 
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Intel's microcontroller families (MCS@-48, MCS@-5I, 
and iACX-96) contain a circuit that is commonly re- 
ferred to as the "on-chip oscillator". The on-chip cir- 
cuitry is not itself an oscillator, of course, but an ampli- 
fier that is suitable for use as the amplifier part of a 
feedback oscillator. The data sheets and Microcontoller 
Handbook show how the on-chip amplifier and several 
ofT-chip components can be used tc design a working 
oscillator. With proper selection of ofT-chip compo- 
nents, these oscillator circuits will perform better than 
almost any other type of clock oscillator, and by almost 
any criterion of excellence. The sug,gested circuits are 
simple, economical, stable, and reliable. 


We ofTerassistance to our customers in selecting suit- 
able ofT-chipcomponents to work with the on-chip os- 
cillator circuitry. It should be noted, however, that In- 
tel cannot assume the responsibility of writing specifi- 
cations for the ofT-chipcomponents of the complete os- 
cillator circuit, nor of guaranteeing ';he performance of 
the finished design in production, anymore than a tran- 
sistor manufacturer, whose data sheets show a number 
of suggested amplifier circuits, can assume responsibili- 
ty for the operation, in production, of any of them. 


We are often asked why we don't publish a list of re- 
quired crystal or ceramic resonator specifications, and 
recommend values for the other ofl~chip components. 
This has been done in the past, b'lt sometimes with 
consequences that were not intended. 


Suppose we suggest a maximum cry!,tal resistance of 30 
ohms for some given frequency. Then your crystal sup- 
plier tells you the 30-ohm crystals are going to cost 
twice as much as 50-ohm crystals. Fearing that Intel 
will not "guarantee operation" wib 
50-ohm crsytals, 
you order the expensive ones. In fact, Intel guarantees 
only what is embodied within an Intel produ·ct. Besides, 
there is no reason why 50-ohm crystals couldn't 
be 
used, if the other ofT-chipcomponents are suitably ad- 
justed. 


Should we recommend values for the other ofT-chip 
components? Should we do it for 50-ohm crystals or 30- 
ohm crystals? With respect to what Bhouldwe optimize 
their selection? Should we minimize start-up time or 
maximize frequency stability? In many applications, 
neither start-up time nor frequency stability are partic- 
ularly critical, and our "recommendations" are only re- 
stricting your system to unnecessary tolerances. It all 
depends on the application. 


Although we will neither "specify" nor "recommend" 
specific ofT-chipcomponents, we do ofTerassistance in 
these tasks. Intel application engineers are available to 
provide whatever technical assistance may be needed or 
desired by our customers in designing with Intel prod- 
ucts. 


This Application Note is intended to provide such as- 
sistance in the design of oscillator circuits for micro- 
controller systems. Its purpose is to describe in a practi- 
cal manner how oscillators work, how crystals and ce- 
ramic resonators work (and thus how to spec them), 
and what the on-chip amplifier looks like electronically 
and what its operating characteristics are. A BASIC 
program is provided in Appendix II to assist the de- 
signer in determining the efTectsof changing individual 
parameters. Suggestions are provided for establishing a 
pre-production test program. 


Figure I shows an amplifier whose output line goes into 
some passive network. If the input signal to the amplifi- 
er is v 1>then the output signal from the amplifer is v2 
= AVI and the output signal from the passive network 
is v3 = /3v2 = /3Avl' Thus /3A is the overall gain 
from terminal I to terminal 3. 


Now connect terminal I to terminal 3, so that the sig- 
nal path forms a loop: I to 2 to 3, which is also I. Now 
we have a feedback loop, and the gain factor /3A is 
called the loop gain. 


Gain factors are complex numbers. That means they 
have a magnitude and a phase angle, both of which 
vary with frequency. When writing a complex number, 
one must specify both quantities, magnitude and angle. 
A number whose magnitude is 3, and whose angle is 45 
degrees is commonly written this way: 3L45·. The num- 
ber I is, in complex number notation, ILO·,while -I 
is 
ILI80·, 


By closing the feedback loop in Figure I, we force the 
equality 
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In a given circuit, either or both of tbe solutions may be 
in effect. In the first solution the circuit is quiescent (no 
output 
signal). If you're trying to make an oscillator, 
a 
no-signal 
condition 
is unacceptable. 
There are ways to 
guarantee 
that the second solution 
is the one that will 
be in effect, and that 
the quiescent 
condition 
will be 
excluded. 


A feedback oscillator 
amplifies its own noise and feeds 
it back to itself in exactly the right phase, at the oscilla- 
tion frequency, 
to build 
up and reinforce 
the desired 
oscillations. 
Its ability to do that 
dl:pends on its loop 
gain. First, oscillations 
can occur on:ly at the frequency 
for which the loop gain has a phase angle of 0 degrees. 
Second build-up 
of oscillations 
will occur 
only if the 
loop gain exceeds 
I at the frequency. 
Build-up 
contin- 
ues until nonlinearities 
in the circuit reduce the average 
value of the loop gain to exactly 
I. 


Start-up 
characteristics 
depend 
on 
the 
small-signal 
properties 
of the circuit, 
specifically, 
the small-signal 
loop gain. Steady-state 
characteristics 
of the oscillator 
depend 
on the 
large-signal 
properties 
of the circuit, 
such 
as the transfer 
curve 
(output 
voltage 
vs. input 
voltage) of the amplifier, 
and the clamping 
effect of the 
input protection 
devices. These things will be discussed 
more fully further 
on. First 
we will look at the basic 
operation 
of the particular 
oscillator 
circuit, 
called the 
"positive 
reactance" 
oscillator. 


Figure 
2 shows the configuration 
of the positive reac- 
tance oscillator. 
The inverting 
ampLfier, 
working 
into 
the impedance 
of the feedback 
network, 
produces 
an 
output signal that is nominally 
180 degrees out of phase 
with its input. 
The feedback network 
must provide an 
additional 
180 degrees phase shift, such that the overall 
loop gain has zero (or 360) degrees phase shift at the 
oscillation 
frequency. 


In order for the loop gain to have zero phase angle it is 
necessary 
that the feedback element 
Zr have a positive 
reactance. 
That is, it must be inductive. 
Then, the fre- 
quency at which the phase angle is zero is approximate- 
ly the frequency 
at which 


+1 
Xf=-wC 


where Xr is the reactance 
of Zr (the total Zr being Rr + 
jXr, and C is the series combination 
of CXl and CX2. 


C = 
CX1 CX2 


CX1 + CX2 


In other words, Zr and C form a parallel 
resonant 
cir- 
cuit. 


If Zr is an inductor, 
then Xr = wL, and the frequency 
at which the loop gain has zero phase is the frequency 
at which 


1 
wL=-wC 


1 
w = .J[C 


Normally, 
Zr is not an inductor, 
but it must still have a 
positive reactance 
in order 
for the circuit 
to oscillate. 


There are some piezoelectric 
devices on the market that 
show a positive 
reactance, 
and provide 
a more 
stable 
oscillation 
frequency 
than 
an 
inductor 
will. 
Quartz 
crystals 
can be used where the oscillation 
frequency 
is 
critical, and lower cost ceramic 
resonators 
can be used 
where the frequency 
is less critical. 


When 
the feedback 
element 
is a piezoelectric 
device, 
this circuit 
configuration 
is called a Pierce 
oscillator. 
The advantage 
of piezoelectric 
resonators 
lies in their 
property 
of providing a wide range of positive reactance 
values over a very narrow 
range 
of frequencies. 
The 
reactance 
will equal 
11wC at some frequency 
within 
this range, 
so the oscillation 
frequency 
will be within 
the same range. 
Typically, 
the width 
of this range 
is 


only 0.3% of the nominal frequency of a quartz crystal, 
and about 3% of the nominal frequency of a ceramic 
resonator. With relatively little desJ.gneffort, frequency 
accuracies of 0.03% or better call be obtained with 
quartz crystals, and 0.3% or better with ceramic reso- 
nators. 


The crystal resonator is a thin slice of quartz sand- 
wiched between two electrodes. El.:ctrically, the device 
looks pretty much like a 5 or 6 pF capacitor, except 
that over certain ranges of frequencies the crystal has a 
positive (i.e., inductive) reactance. 


The ranges of positive reactance oJiginate in the piezo- 
electric property of quartz: Squeezing the crystal gener- 
ates an internal E-field. The effect is reversible: Apply- 
ing an AC E-field causes the crystal to vibrate. At cer- 
tain vibrational frequencies there i, a mechanical reso- 
nance. As the E-field frequency approaches a frequency 
of mechanical resonance, the measured reactance of the 
crystal becomes positive, as shown in Figure 3. 
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Typically there are several ranges of frequencies where- 
in the reactance of the crystal is positive. Each range 
corresponds to a different mode of vibration in the crys- 
tal. The main resonsances are the so-called fundamen- 
tal response and the third and fifth overtone responses. 


The overtone responses shouldn't be confused with the 
harmonics of the fundamental. They're not harmonics, 
but different vibrational modes. They're not in general 
at exact integer multiples of the fundamental frequency. 
There will also be "spurious" responses, occurring typi- 
cally a few hundred KHz above elch main response. 


To assure that an oscillator starts in the desired mode 
on power-up, something must be done to suppress the 
loop gain in the undesired frequency ranges. The crys- 
tal itself provides some protection against unwanted 
modes of oscillation; too much resistance in that mode, 
for example. Additionally, junction capacitances in the 
amplifying devices tend to reduce the gain at higher 
frequencies, and thus may discriminate against unwant- 
ed modes. In some cases a circuit fix is necessary, such 
as inserting a trap, a phase shifter, or ferrite beads to 
kill oscillations in unwanted modes. 


Figure 4 shows an equivalent circuit that is used to 
represent the crystal for circuit analysis. 


The Rt-Lt-Ct 
branch is called the motivational arm of 
the crystal. The values of these parameters derive from 
the mechanical properties of the crystal and are con- 
stant for a given mode of vibration. Typical values for 
various nominal frequencies are shown in Table I. 
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Figure 4. Quartz Crystal: Symbol and 
EqUivalent Circuit 


Co is called the shunt capacitance of the crystal. This is 
the capacitance of the crystal's electrodes and the me- 
chanical holder. If one were to measure the reactance of 
the crystal at a freuqency far removed from a resonance 
frequency, it is the reactance of this capacitance that 
would be measured. It's normally 3 to 7 pF. 


Table 1.Typical Crystal Parameters 


Frequency 
R1 
L1 
C1 
Co 
MHz 
ohms 
mH 
pF 
pF 


2 
100 
520 
0.012 
4 


4.608 
36 
117 
0.010 
2.9 


11.25 
19 
8.38 
0.024 
5.4 


The series resonant frequency of thl' crystal is the fre- 
quency at which Ll and Cl are in n:5onance. This fre- 
quency is given by 


1 
f =--- 
5 
21TJL,c, 


At this frequency the impedance of·:he crystal is RI in 
parallel with the reactance of Co- For most purposes, 
this impedance is taken to be just Rl> since the reac- 
tance of Co is so much larger than R I. 


A crystal oscillator circuit such as the one shown in 
Figure 2 (redrawn in Figure 5) operates at the frequen- 
cy for which the crystal is antiresonant (ie, parallel-res- 
onant) with the total capacitance across the crystal ter- 
minals external to the crystal. Thi:; total capacitance 
external to the crystal is called the load capacitance. 


The crystal manufacturer needs to know the value of 
CL in order to adjust the crystal to the specified fre- 
quency. 
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The adjustment involves putting the crystal in series 
with the specified CL, and then "trimming" the crystal 
to obtain resonance of the series c.ombination of the 
crystal and CL at the specified frequency. Because of 
the high Q of the crystal, the resonant frequency of the 
series combination of the crystal and CL is the same as 


the antiresonant frequency of the parallel 
combination 


of the crystal and CL. This frequency is given by 


1 
fa = --===========~ 
21TJL, C, (CL + Co)/(C, 
+ CL + Co) 


These frequency formulas are derived (in Appendix A) 
from the equivalent circuit of the crystal, using the as- 
sumptions that the Q of the crystal is extremely high, 
and that the circuit external to the crystal has no effect 
on the frequency other than to provide the load capaci- 
tance CL. The latter assumption is not precisely true, 
but it is close enough for present purposes. 


There is no such thing as a "series cut" crystal as op- 
posed to a "parallel cut" crystal. There are different 
cuts of crystal, having to do with the parameters of its 
motional arm in various frequency ranges, but there is 
no special cut for series or parallel operation. 


An oscillator is series resonant if the oscillation fre- 
quency is fs of the crystal. To operate the crystal at fs, 
the amplifier has to be noninverting. When buying a 
crystal for such an oscillator, one does not specify a 
load capacitance. Rather, one specifies the loading con- 
dition as "series." 


If a "series" crystal is put into an oscillator that has an 
inverting amplifier, it will oscillate in parallel resonance 
with the load capacitance presented to the crystal by 
the oscillator circuit, at a frequency slightly above fs. In 
fact, at approximately 


f 
= f (1 + 
C, 
) 
a 
5 
2(CL + Co) 


This frequency would typically be about 0.02% above 
fs· 


The "series resistance" often listed on quartz crystal 
data sheets is the real part of the crystal impedance at 
the crystal's calibration frequency. This will be RI if 
the calibration frequency is the series resonant frequen- 
cy of the crystal. If the crystal is calibrated for parallel 
resonance with a load capacitance CL, the equivalent 
series resistance will be 


ESR = R, (1 +~~r 


The crystal manufacturer 
measures this resistance at 


the calibration frequency during the same operation in 
which the crystal is adjusted to the calibration frequen- 
cy. 


Frequency tolerance as discussed here is not a require- 
ment on the crystal, but on the complete oscillator. 
There are two types of frequency tolerances on oscilla- 
tors: frequency acccuracy 
and fr,equency stability. 
Fre- 
quency accuracy refers to the osdllator's ability to run 
at an exact specified frequency. Frequency stability re- 
fers to the constancy of the oscillation frequency. 


Frequency accuracy requires ma:.nly that the oscillator 
circuit present to the crystal the lame load capacitance 
that it was adjusted for. Frequency stability requires 
mainly that the load capacitance be constant. 


In most digital applications the ,lccuracy and stability 
requirements on the oscillator are' so wide that it makes 
very little difference what load capacitance the crystal 
was adjusted to, or what load capacitance the circuit 
actually presents to the crystal. For example, if a crys- 
tal was calibrated to a load capacitance of 25 pF, and is 
used in a circuit whose actual load capacitance is 50 pF, 
the frequency error on that account would be less than 
0.01%. 


In a positive reactance oscillator, the crystal only needs 
to be in the intended response mode for the oscillator to 
satisfy a 0.5% or better frequency tolerance. That's be- 
cause for any load capacitance the oscillation frequency 
is certain to be between the crystal's resonant and anti- 
resonant frequencies. 


Phase shifts that take place within the amplifier part of 
the oscillator will also affect fre:}uency accuracy and 
stability. These phase shifts can normally be modeled as 
an "output capacitance" that, in the positive reactance 
oscillator, parallels CX2. The predictability and con- 
stancy of this output capacitance over temperature and 
device sample will be the limiting factor in determining 
the tolerances that the circuit is capable of holding. 


Drive level refers to the power dissipation in the crys- 
tal. There are two reasons for spe;ifying it. One is that 
the parameters in the equivalent circuit are somewhat 
dependent on the drive level at which the crystal is 
calibrated. The other is that if the application circuit 
exceeds the test drive level by too much, the crystal 
may be damaged. Note that the terms "test drive level" 
and "rated drive level" both refer to the drive level at 
which the crystal is calibrated. Normally, in a micro- 
controller system, neither the frequency tolerances nor 
the power levelsjustify much concern for this specifica- 
tion. Some crystal manufacturers don't even require it 
for microprocessor crystals. 


In a positive reactance oscillator, if one assumes the 
peak voltage across the crystal to be something in the 
neighborhood of Vcc, the power dissipation can be ap- 
proximated as 


This formula is derived in Appendix A. In a 5V system, 
P rarely evaluates to more than a milliwatt. Crystals 
with a standard 1 or 2 mW drive level rating can be 
used in most digital systems. 
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Figure 6. Ceramic Resonator Impedance vs. 
Frequency (Test Data Supplied by NTK 
Technical Ceramics) 


Ceramic resonators operate on the same basic princi- 
ples as a quartz crsytal. Like quartz crsytals, they are 
piezoelectric, have a reactance versus frequency curve 
similar to a crystal's, and an equivalent circuit that 
looks just like a crystal's (with different parameter val- 
ues, however). 


The frequency tolerance of a ceramic resonator is about 
two orders of magnitude wider than a crystal's, but the 
ceramic is somewhat cheaper than a crystal. It may be 
noted for comparison that quartz crystals with relaxed 
tolerances cost about twice as much as ceramic resona- 
tors. For purposes of clocking a microcontroller, 
the 
frequency tolerance is often relatively noncritical, and 
the economic consideration becomes the dominant fac- 
tor. 


Figure 6 shows a graph of impedance magnitude versus 
frequency for a 3.58 MHz ceramic resonator. (Note 
that Figure 6 is a graph of IZrI versus frequency, where 


as Figure 3 is a graph of Xr versus frequency.) A num- 
ber of spurious responses are apparent in Figure 6. The 
manufacturers state that spurious responses are more 
prevalent 
in the 
lower frequency 
resonators 
(kHz 
range) than in the higher frequency units (MHz range). 
For our purposes only the MHz range ceramics need to 
be considered. 
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Figure 7. Ceramic 
Resonatclr: Symbol and 
Equivalent 
Circuit 


Figure 7 shows the symbol and equivalent circuit for 
the ceramic resonator, both of which are the same as 
for the crystal. The parameters have different values, 
however, as listed in Table 2. 


Frequency 
R1 
L1 
C1 
Co 
MHz 
ohms 
mH 
pF 
pF 
3.58 
7 
0.11<1 
19.6 
140 
6.0 
8 
0.094 
8.3 
60 
8.0 
7 
0.09~~ 
4.6 
40 
11.0 
10 
0.05i' 
3.9 
30 


Note that the motional arm of the ceramic resonator 
tends to have less resistance than the quartz crystal and 
also a vastly reduced LlfCI 
ratio. This results in the 
motional arm having a Q (given by (l/RI) 
~LlfCI) that 
is typically two orders of magnitude lower than that of 
a quartz crystal. The lower Q makt:s for a faster startup 
of the oscilaltor and for a less closely controlled fre- 
quency (meaning that circuitry ex:ernal to the resona- 
tor will have more influence on the frequency than with 
a quartz crystal). 


Another major difference is that the shunt capacitance 
of the ceramic resonator is an order of magnitude high- 
er than Co of the quartz crystal and more dependent on 
the frequency of the resonator. 


The implications of these differen.;:esare not all obvi- 
ous, but some will be indicated in the section on Oscil- 
lator Calculations. 


Ceramic resonators are easier to specify than quartz 
crystals. All the vendor wants to know is the desired 


frequency and the chip you want it to work with. 
They'll supply the resonators, a circuit diagram show- 
ing the positions and values of other external compo- 
nents that may be required and a guarantee that the 
circuit will work properly at the specified frequency. 


OSCILLATOR 
DESIGN 
CONSIDERATIONS 


Designers of microcontroller systems have a number of 
options to choose from for clocking the system. The 
main decision is whether to use the "on-chip" oscillator 
or an external oscillator. If the choice is to use the on- 
chip oscillator, what kinds of external components are 
needed to make it operate as advertised? If the choice is 
to use an external oscillator, what type of oscillator 
should it be? 


The decisions have to be based on both economic and 
technical requirements. 
In this section we'll discuss 
some of the factors that should be considered. 
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In most cases, the on-chip amplifier with the appropri- 
ate external components provides the most economical 
solution to the clocking problem. Exceptions may arise 
in severe environments when frequency tolerances are 
tighter than about 0.01%. 


The external components that need to be added are a 
positive reactance (normally a crystal or ceramic reso- 
nator) and the two capacitors CXI and CX2, as shown 
in Figure 8. 


Specifications for an appropriate crystal are not very 
critical, unless the frequency is. Any fundamental-mode 
crystal of medium or better quality can be used. 


should De specIfied. The best answ,~rto this question is 
the lower the better, but use what's available. The crys- 
tal resistance will have some effect on start-up time and 
steady-state amplitude, but not so much that it can't be 
compensated for by appropriate selection of the capaci- 
tances CXt and CX2. 


Similar questions are asked about specifications of load 
capacitance and shunt capacitance. The best advice we 
can give is to understand what these parameters mean 
and how they affect the operation of the circuit (that 
being the purpose of this ApplicaLon Note), and then 
decide for yourself if such specifications are meaningful 
in your application or not. Normally, they're not, un- 
less your frequency tolerances are tighter than about 
0.1%. 


Part of the problem is that crysta: manufacturers are 
accustomed to talking "ppm" tolerances with radio en- 
gineers and simply won't take your order until you've 
filled out their list of specifications. It will help if you 
define your actual frequency tolerance requirements, 
both for yourself and to the crystal manufacturer. 
Don't pay for 0.003% crystals if your actual frequency 
tolerance is 1%. 


The oscillation frequency is detem:.ined 99.5% by the 
crystal and up to about 0.5% by th,~circuit external to 
the crystal. The on-chip amplifier has little effect on the 
frequency, which is as it should be, since the amplifier 
parameters are temperature and process dependent. 


The influence of the on-chip amplifier on the frequency 
is by means of its input and output (pin-to-ground) ca- 
pacitances, 
which parallel 
CXt and 
CX2, and the 
XTALI-to-XTAL2 
(pin-to-pin) 
capacitance, 
which 
parallels the crystal. The input and pin-to-pin capaci- 
tances are about 7 pF each. Intern'll phase deviations 
from the nominal 180· can be modeled as an output 
capacitance of 25 to 30 pF. These deviations from the 
ideal have less effect in the positive :reactance oscillator 
(with the inverting amplifer) than La a comparable se- 
ries resonant oscillator (with the noninverting amplifi- 
er) for two reasons: first, the effect of the output capaci- 
tance is lessened, if not swamped, by the off-chip capac- 
itor; secondly, the positive reactan<:e oscillator is less 
sensitive, frequency-wise, to such pllase errors. 


Optimal values for the capacitors CXt and CX2 depend 
on 
whether 
a 
quartz 
crystal 
or 
ceramic 
resona- 


Start-up time is sometimes more critical in microcon- 
troller systems than frequency stability, because of vari- 
ous reset and initialization requirements. 


Less commonly, accuracy of the oscillator frequency is 
also critical, for example, when the oscillator is being 
used as a time base. As a general rule, fast start-up and 
stable frequency tend to pull the oscillator design in 
opposite directions. 


Considerations of both start-up time and frequency sta- 
bility over temperature 
suggest that 
CXt and CX2 
should be about equal and at least 20 pF. (But they 
don't have to be either.) Increasing the value of these 
capacitances above some 40 or 50 pF improves frequen- 
cy stability. It also tends to increase the start-up time. 
There is a maximum value (several hundred pF, de- 
pending on the value of Rt of the quartz or ceramic 
resonator) above which the oscillator won't start up at 
all. 


If the on-chip amplifier is a simple inverter, such as in 
the 8051, the user can select values for CXt and CX2 
between some 20 and 100 pF, depending on whether 
start-up time or frequency stability is the more critical 
parameter in a specific application. If the on-chip am- 
plifier is a Schmitt Trigger, such as in the 8048, smaller 
'values of CXt must be used (5 to 30 pF), in order to 
prevent the oscillator from running in a relaxation 
mode. 


Later sections in this Application Note will discuss the 
effects of varying CXt and CX2(as well as other param- 
eters), and will have more to say on their selection. 


Placement 
of Components 


Noise glitches arriving at XTALl 
or XTAL2 pins at 
the wrong time can cause a miscount in the internal 
clock-generating circuitry. These kinds of glitches can 
be produced through capacitive coupling between the 
oscillator components and PCB traces carrying digital 
signals with fast rise and fall times. For this reason, the 
oscillator components should be mounted close to the 
chip and have short, direct traces to the XTALl, 
XTAL2, and VSS pins. 


There are times when it would be desirable to use the 
on-chip oscillator to clock other chips in the system. 
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Figure 9. Using the On-Chip Oscillator 


to Drive Other Chips 


TfL buffer puts too much ioad on the on-chip amplifi- 
er for reliable start-up. A CMOS buffer (such as the 
74HC04) can be used, if it's fast enough and if its VIH 
and VIL specs are compatible with the available signal 
amplitudes. Circuits such as shown in Figure 9 might 
also be considered for these types of applications. 


Clock-related signals are available at the TO pin in the 
MCS-48 products, at ALE in the MCS-48 and MCS-51 
lines, and the iACX-96 controllers provide a CLKOUT 
signal. 


When technical requirements dictate the use of an ex- 
ternal oscillator, the external drive requirements for the 
microcontroller, as published in the data sheet, must be 
carefully noted. The logic levels are not in general TfL- 
compatible. And each controller has its idiosyncracies 
in this regard. The 8048, for example, requires that 
both XTALI and XTAL2 be driven. The 8051 can be 
driven that way, but the data sheet suggest the simpler 
method of grounding XTALI and driving XTAL2. For 
this method, the driving source must be capable of sink- 
ing some current when XTAL2 is being driven low. 


For the external oscillator itself, there are basically two 
choices: ready-made and home-grown. 
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TTL Crystal 
Clock Oscillator 


The HS-lOO,HS-200, & HS-500 all-metal package se- 
ries of oscillators are TIL 
compatible & fit a DIP 
layout. Standard electrical specifications are shown 
below. Variations are availa',le for special applica- 
tions. 
Frequency Range: HS-lOO-:l.5 MHz to 30 MHz 
HS-200-225 
KHz to 3.5 MHz 
HS-500-:!5 
MHz to 60 MHz 


Hermetically 
Sealed 
Package 
Mass spectrometer leak rate max. 
I X 10-8 atmos. cc/sec. of helium 


INPUT 


H8-100 
H8-200 
H8-S00 


3.5 MHz-20 
MHz 
20 + MHz-30 
MHz 
225 KHz-4.0 
MHz 
25 MHz-60 
MHz 


Supply Voltage 
(Veel 
5V ±10% 
5V ±10% 
5V ±10% 
5V ±10% 
Supply Current 
(Ieel max. 
30 mA 
40mA 
85mA 
50mA 


OUTPUT 


H8-100 
H8-200 
H8-S00 


3.5 MH:~-20 
MHz 
20 + MHz-30 
MHz 
225 KHz-4.0 
MHz 
25 MHz-60 
MHz 


VOH (Logic "1 ") 
+ 2.4V min.1 
+2.7Vmin.2 
+2.4Vmin.1 
+2.7V 
min.2 


Val 
(Logic "0") 
+OAV 
max.3 
+0.5V 
max.4 
+0.4Vmax.3 
+0.5Vmax.4 
Symmetry 
60/40%5 
60/40%5 
55/45%5 
60/40%5 
TR, TF (Rise & 
Fall Time) 
< 10 ns6 
<5ns6 
< 15 ns6 
< 5 ns6 
Output Short 
Circuit Current 
18mA 
min. 
40 mA min. 
18mAmin. 
40 mA min. 
Output 
Load 
1 to 10 TTL Loads7 
1 to 10 TIL 
Loads8 
1 to 10 TIL 
Loads7 
1 to 10 TIL 
Loads8 


CONDITIONS 
110source = -400 
/LA max. 
410 sink = 20.00 mA max. 
71.6 mA per load 
210source = -1.0 
mA max 
5Vo = 1.4V 
82.0 mA per load 
310sink = 16.0 mA max. 
6(OAV to 2.4V) 


-Reprinted 
with the permission 
of @Midland-Ross 
Corporation 
1982. 
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Prepackaged oscillators are availabI.: from most crystal 
manufacturers, and have the advantage that the system 
designer can treat the oscillator as a black box whose 
performance is guaranteed by people who carry many 
years of experience in designing and building oscilla- 
tors. Figure 10 shows a typical data sheet for some 
prepackaged oscillators. Oscillaton 
are also available 


with complementary outputs. 


If the oscillator is to drive the microcontroller directly, 
one will want to make a careful cDniparison between 
the external drive requirements in the microcontroller 
data sheet and the oscillator's output logic levels and 
test conditions. 


If oscillator stability is less critical than cost, the user 
may prefer to go with an in-house design. Not without 
some precautions, however. 


It's easy to design oscillators that work. Almost all of 
them do work, even if the designer isn't too clear on 
why. The key point here is that almost 
all of them 


work. The problems begin when the system goes into 
production, 
and marginal units commence malfunc- 
tioning in the field. Most digital del:igners, after all, are 
not very adept at designing oscillatDrsfor production. 


Oscillator design is somewhat of a black art, with the 
quality of the finished product being very dependent on 
the designer's experience and intuition. For that reason 
the most important consideration in any design is to 
have an adequate preproduction test program. Prepro- 
duction tests are discussed later in this Application 
Note. Here we will discuss some of the design options 
and take a look at some commonly used configurations. 


Gate Oscillators versus Discrete 
Devices 


Digital systems designers are understandably reluctant 
to get involved with discrete device; and their peculiari- 
ties (biasing techniques, etc.). Besides, the component 
count for these circuits tends to be quite a bit higher 
than what a digital designer is ustxl to seeing for that 
amount of functionality. Nevertheless, if there are un- 
usual requirements on the accuracy and stability of the 
clock frequency, it should be noted. that discrete device 
oscillators can be tailored to suit the exact needs of the 
application and perfected to a level that would be diffi- 
cult for a gate oscillator to approach. 


In most cases, when an external oscillator is needed, the 
designer tends to rely on some form of a gate oscillator. 
A TTL inverter with a resistor con'lecting the output to 
the input makes a suitable inverting amplifier. The re- 
sistor holds the inverter in the transition region be- 
tween logical high and low, so that at least for start-up 
purposes the inverter is a linear amplifier. 


The feedback resistance has to be quite low, however, 
since it must conduct current sourced by the input pin 
without allowing the DC input voltage to get too far 
above the DC output voltage. For biasing purposes, the 
feedback resistance should not exceed a few k-ohms. 
But shunting the crystal with such a low resistance does 
not encourage start-up. 
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Consequently, the configuration in Figure IIA might 
be suggested. By breaking Rf into two parts and AC- 
grounding the midpoint, one achieves the DC feedback 
required to hold the inverter in its active region, but 
without the negative signal feedback that is in effect 
telling the circuit not to oscillate. However, this biasing 
scheme will increase the start-up time, and relaxation- 
type oscillations are also possible. 


A CMOS inverter, such as the 74HC04, might work 
better in this application, since a larger Rf can be used 
to hold the inverter in its linear region. 


Logic gates tend to have a fairly low output resistance, 
which destabilizes the oscillator. For that reason a re- 
sistor Rx is often added to the feedback network, as 
shown in Figures IIA and B. At higher frequencies a 
20 or 30 pF capacitor is sometimes used in the Rx posi- 
tion, to compensate for some of the internal propaga- 
tion delay. 


Reference I contains an excellent discussion of gate os- 
cillators, and a number of design examples. 
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It's easier to design an oscillator circuit to operate in 
the resonator's fundamental response mode than to de- 
sign one for overtone operation. A quartz crystal whose 
fundamental response mode covl:rs the desired frequen- 
cy can be obtained up to some 30 MHz. For frequencies 
above that, the crystal might be used in an overtone 
mode. 


Several problems arise in the de,ign of an overtone os- 
cillator. One is to stop the circui1 from oscillating in the 
fundamental mode, which is wh2.tit would really rather 
do, for a number of reasons, involving both the amplify- 
ing device and the crystal. An additional problem with 
overtone operation is an increased tendency to spurious 
oscillations. That is because the RI of various spurious 
modes is likely to be about the same as RI of the in- 
tended overtone response. It ma y be necessary, as sug- 
gested in Reference I, to specify a "spurious-to-main- 
response" resistance ratio to avoid the possibility of 
trouble. 


Overtone oscillators are not to be taken lightly. One 
would be well advised to consult with an engineer who 
is knowledgeable in the subject during the design phase 
of such a circuit. 


Series resonant oscillators use noninverting amplifiers. 
To make a noninverting amplifier out of logic gates 
requires that two inverters be ust:d, as shown in Figure 
12. 


This type of circuit tends to be inaccurate and unstable 
in frequency over variations in temperature and Vcc. It 
has a tendency to oscillate at oveliones, and to oscillate 
through Co of the crystal or scme stray capacitance 
rather than as controlled by the mechanical resonance 
of the crystal. 


The demon in series resonant o!;cillators is the phase 
shift in the amplifier. The series resonant oscillator 
wants more than just a "noninverting" 
amplifier-it 
wants a zero phase-shift 
amplifillr. Multistage nonin- 
verting amplifiers tend to have a considerably lagging 
phase shift, such that the crystal reactance must be ca- 
pacitive in order to bring the total phase §hift around 
the feedback loop back up to O. In this mode, a "12 
MHz" crystal may be running at 8 or 9 MHz. One can 
put a capacitor in series with the crystal to relieve the 
crystal of having to produce all of the required phase 
shift, and bring the oscillation frequency closer to fs. 
However, to further complicate the situation, the am- 
plifier's phase shift is strongly deI~mdent on frequency, 
temperature, VCC, and device sample. 
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Positive reactance oscillators ("parallel resonant") use 
inverting amplifiers. A single logic inverter can be used 
for the amplifier, as in Figure II. The amplifier's phase 
shift is less critical, compared to a series resonant cir- 
cuit, and since only one inverter is involved there's less 
phase error anyway. The oscillation frequency is effec- 
tively bounded by the resonant and antiresonant fre- 
quencies of the crystal itself. In addition, the feedback 
network includes capacitors that parallel the input and 
output terminals of the amplifier, thus reducing the ef- 
fect of unpredictable capacitances at these points. 


MORE ABOUT 
USING THE "ON-CHIP" 
OSCILLATORS 


In this section we will describe the on-chip inverters on 
selected microcontrollers in some detail, and discuss 
criteria for selecting components to work with them. 
Future data sheets will supplement this discussion with 
updates and information pertinent to the use of each 
chip's oscillator circuitry. 


Oscillator design, though aided by theory, is still largely 
an empirical exercise. The circuit is inherently nonlin- 
ear, and the normal analysis parameters vary with in- 
stantaneous voltage. In addition, when dealing with the 
on-chip circuitry, we have FETs being used as resistors, 
resistors being used as interconnects, distributed delays, 
input protection devices, parasitic junctions, and pro- 
cessing variations. 


Consequently, oscillator calculations 
are never very 
precise. They can be useful, however, if they will at 
least indicate the effects of variations in the circuit pa- 
rameters on start-up time, oscillation frequency, and 
steady-state amplitude. Start-up time, for example, can 
be taken as an indication of start-up reliability. If pre- 
production tests indicate a possible start-up problem, a 
relatively inexperienced designer can at least be made 
aware of what parameter may be causing the marginali- 
ty, and what direction to go in to fix it. 
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230659-16 
A) 8081-Type Circuit Conflguratlon during Start-Up. 


(Excludes Input Protection Ouvlces.) 
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230659-17 
B) Ac-Equlvalent 
of (II) 


Figure 13. Oscillator Circuit Model Used 
In Start-Up Calculations 


The analysis used here is mathematically straightfor- 
ward but algebraically intractable. That means it's rela- 
tively easy to understand and program into a computer, 
but it will not yield a neat formula that gives, say, 
steady-state amplitude as a function of this or that .list 
of parameters. A listing of a BASIC program that Im- 
plements the analysis will be found in Appendix II. 


When the circuit is first powered up, and before the 
oscillations have commenced (and if the oscillations fail 
to commence), the oscillator can be treated as a small 
signal linear amplifier with feedback. In that case, stan- 
dard small-signal analysis techniques can be used to 
determine start-up characteristics. 
The circuit model 


used in this analysis is shown in Figure 13. 


The circuit approximates that there are no high-fre- 
quency effects within the amplifier itslef, such that. its 
high-frequency behavior is dominated by the load Im- 
pedance ZL. This is a reasonable approximation for sin- 
gle-stage amplifiers of the type used :In 805I-type deVIC- 
es. Then the gain of the amplifier all a function of fre- 
quency is 
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Figure 14. Loop Gain versus Frequency 


(4.608 MHz Crystal) 


Zj 
{3=-- 
Zj + Z, 


Zj 
AvZL 
{3A=--X--- 
Zj + Zf 
ZL + Ro 


The impedances ZL, Zr, and Zi are defined in Figure 
13B. 


Figure 14 shows the way the loop gain thus calculated 
(using typical 8051-type parameters and a 4.60~ MHz 
crystal) varies with frequency. The frequency of Interest 
is the one for which the phase of the loop gain is zero. 
The accepted criterion for start-up is that the magni- 
tude of the loop gain must exceed unity at this frequen- 
cy. This is the frequency at which the circuit is in reso- 
nance. It corresponds very closely with the antiresonant 
frequency of the motional arm of the crystal in parallel 
with CL. 


Figure 15 shows the way the loop gain varies with fre- 
quency when the parameters of a 3.58 MHz ceramic 
resonator are used in place of a crystal (the amplifier 
parameters being typical 8051, as in Figure 14). Note 
the different frequency scales. 
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Figure 15. Loop Gain versus Frequency 
(3.58 MHz Ceramic) 


It is common, in studies of feedba·:k systems, to exam- 
ine the behavior of the closed loop gain as a function of 
complex frequency s = 'u + joo; :;pecifically, to deter- 
mine the location of its poles in the complex plane. A 
pole is a point on the complex plane where the gain 
function goes to infinity. Knowledge of its location can 
be used to predict the response of the system to an 
input disturbance. 


The way that the response function depends on the lo- 
cation of the poles is shown in Figure 16. Poles in the 
left-half plane cause the response function to take the 
form of a damped sinusoid. Poles in the right-half plane 
cause the response function to take the form of an expo- 
nentially growing sinusoid. In general, 


where a is the real part of the pole frequency. Thus if 
the pole is in the right-half plane, a is positive and the 
sinusoid grows. If the pole is in the left-half plane, a is 
negative and the sinusoid is damped. 


The same type of analysis can usefully be applied to 
oscillators. In this case, however, rather than trying to 
ensure that the poles are in the left-half plane, we 
would seek to ensure that they're in the right-half plane. 
An exponentially growing sinusoid is exactly what is 
wanted from an oscillator that has just been powered 
up. 
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Figure 16.Do You Know Where Your 
Poles Are Tonight? 


The gain function of interest in oscillators is 1/(1 - 
I3A). Its poles are at the complex frequencies where I3A 
= !LO" because that value of I3A causes the gain func- 
tion to go to infinity. The oscillator will start up if the 
real part of the pole frequency is positive. More impor- 
tantly, the rate at which it starts up is indicated by how 
much greater than 0 the real part of the pole frequency 
is. 


The circuit in Figure 13B can be used to find the pole 
frequencies of the oscillator gain function. All that 
needs to be done is evaluate the impedances at complex 
frequencies u + joo rather than just at 00, and find the 
value of u + joofor which I3A = lLO".The larger that 
value of u is, the faster the oscillator will start up. 


Of course, other things besides pole frequencies, things 
like the VCC rise time, are at work in determining the 
start-up time. But to the extend that the pole frequen- 
cies do affect start-up time, we can obtain results like 
those in Figures 17 and 18. 


To obtain these figures the pole frequencies were com- 
puted 
for various 
values of capacitance 
Cx 
from 
XTALI and XTAL2 to ground (thus CXI 
= CX2 = 
Cx). Then a "time constant" for start-up was calculat- 
1 
ed as Ts = - 
where u is the real part of the pole fre- 
u 
quency (rad/sec), and this time constant is plotted ver- 
sus Cx. 
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Figure 17. Oscillator Start-Up (4..608 MHz Crystal 
from Standard Crystal Corp.) 


A short time constant means faster start-up. A long 
time constant means slow start-up. Observations of ac- 
tual start-ups are shown in the figures. Figure 17 is for 
a typical 8051 with a 4.608 MHz erystal supplied by 
Standard Crystal Corp., and Figure 18 is for a typical 
8051 with a 3.58 MHz ceramic resonator supplied by 
NTK Technical Ceramics, Ltd. 


It can be seen in Figure 17 that, for this crystal, values 
of Cx between 30 and SO pF minimize start-up time, 
but that the exact value in this range is not particularly 
important, even if the start-up time itself is critical. 


As previously mentioned, start-up time can be taken as 
an indication of start-up reliability. Start-up problems 
are normally associated with Cx! and CX2 being too 
small or too large for a given resonator. If the parame- 
ters of the resonator are known, curves such as in Fig- 
ure 17 or 18 can be generated to define acceptable 
ranges of values for these capacitors. 


As the oscillations grow in ;lmplitude, they reach a lev- 
el at which they undergo severe clipping within the am- 
plifier, in effect reducing the amplifier gain. As the am· 
plifier gain decreases, the poles move towards the jw 
axis. In steady-state, the poles are on the jw axis and 
the amplitude of the oscillations is constant. 
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Figure 18.Oscillator Start-Up (3.58 MHz Ceramic 


Resonator from NTK Technical Ceramics) 
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Figure 19. Calculated and Experimental Steady- 
State Amplitudes vs. Bulk Cal)acltance from 
XTAL 1and XTAL2 to 13round 


Steady-state analysis is greatly complicated by the fact 
that we are dealing with large signals and nonlinear 
circuit response. The circuit parameters vary with in- 
stantaneous voltage, and a numbe~ of clamping and 
clipping mechanisms come ioto play. Analyses that 
take all these things into account are too complicated to 
be of general use, and analyses that don't take them 
into account are too inaccurate to justify the effort. 


There is a steady-state analysis in Appendix B that 
takes some of the complications into account and ig- 
nores others. Figure 19 shows the way the steady-state 
amplitudes thus calculated (using ty:~ical8051 parame- 
ters and a 4.608 MHz crystal) vary with equal bulk 
capacitance 
placed 
from 
XTALl 
and 
XTAL2 
to 


ground. Experimental results are shown for compari- 
son. 


and source connected to ground (ySS), as shown in 
Figure 20 for the 8051, and in Figure 21 for the 8048. 
Its function is to limit the positive voltage at the gate of 
the input FET to the avalanche voltage of the drain 
junction. IT the input pin is driven below VSS, the drain 
and source of the protection PET interchange roles, so 
its gate is connected to what is now the drain. In this 
condition the device resembles a diode with the anode 
connected to VSS. 


There is a parasitic pn junction between the ohmic re- 
sistor and the substrate. In the ROM parts (8015,8048, 
etc.) the substrate is held at approximately -3V by the 
on-chip back-bias generator. 
In the EPROM 
parts 


(8751, 8748, etc.) the substrate is connected to VSS. 


The effect of the input protection circuitry on the oscil- 
lator is that if the XTALl signal goes negative, its nega- 
tive peak is clamped to - VOSof the protection FET in 
the ROM parts, and to about -0.5V 
in the EPROM 


parts. These negative voltages on XTALl are in this 
application self-limiting and nondestructive. 


The clamping action does, however, raise the DC level 
at XTALI, which in turn tends to reduce the positive 
peak at XTAL2. The waveform at XTAL2 resembles a 
sinusoid riding on a DC level, and whose negative 
peaks are clipped off at zero. 


Since it's normally the XTAL2 signal that drives the 
internal clocking circuitry, the question naturalIy arises 
as to how large this signal must be to reliably do its job. 
In fact, the XTAL2 signal doesn't have to meet the 
same VIH and VIL specifications that an external driv- 
er would have to. That's because as long as the oscilla- 
tor is working, the on-chip amplifier is driving itself 
through its own O-to-I transition region, which is very 
nearly the same as the O-to-I transition region in the 
internal buffer that folIows the oscillator. If some pro- 
cessing variations move the transition level higher or 
lower, the on-chip amplifier tends to compensate for it 
by the fact that its own transition level is correspond- 
ingly higher or lower. (In the 8096, it's the XTALl 
signal that drives the internal clocking circuitry, but the 
same concept applies.) 


The main concern about the XTAL2 signal amplitude 
is an indication of the general health of the oscillator. 
An amplitude of less than about 2.5V peak-to-peak in- 
dicates that start-up problems could develop in some 
units (with low gain) with some crystals (with high Rl)' 
The remedy is to either adjust the values of Cx 1and/or 
CX2 or use a crystal with a lower R \. 


The amplitudes at XTALl and XTAL2 can be adjusted 
by changing the ratio of the capacitors from XTALl 
and XTAL2 to ground. Increasing the XTAL2 capaci- 
tance, for example, decreasell the amplitude at XTAL2 
and increases the amplitude at XTALl by about the 
The input protection circuitry consists of an ohmic re- 
same amount. Decreasing both caps increases both am- 
sistor and an enhancement-mode 
FET with the gate 
plitudes. 
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The waveform at XTALI is a fairly clean sinusoid. Its 
negative peak is normally somewhat below zero, at a 
level which is determined mainly by the input protec- 
tion circuitry at XTALI. 


inter 


Internal 
pin-to-ground 
and 
pin-to-pin 
capacitances 
at 
XT ALl 
and XT AL2 will have some l~ffect on the oscil- 
lator. 
These 
capacitances 
are normally 
taken 
to be in 
the range of 5 to 10 pF, but they are ,~xtremely difficult 
to evaluate. 
Any measurement 
of om: such capacitance 
will necessarily 
include 
effects from the others. 
One ad- 
vantage 
of the positive 
reactance 
osc:illator 
is that 
the 
pin-to-ground 
capacitances 
are 
paralleled 
by external 
bulk capacitors, 
so a precise determination 
of their val- 
ue is unnecessary. 
We would 
suggest 
that there is little 
justification 
for more 
precision 
than 
to assign 
them 
a 
value 
of 
7 
pF 
(XTALI-to-ground 
and 
XTALI-to- 
XTAL2). 
This 
value is probably 
not in error 
by more 
than 
3 or 4 pF. 


The XT AL2-to-ground 
capacitance 
i; not entirely 
"pin 
capacitance," 
but more 
like an "equivalent 
output 
ca- 
pacitance" 
of some 25 to 30 pF, having 
to include 
the 
effect of internal 
phase 
delays. 
This value will vary to 
some extent 
with temperature, 
proce!sing, 
and frequen- 
cy. 


The on-chip 
amplifier 
on the HMOS 
MCS-5I 
family is 
shown 
in Figure 
20. The drain 
load and feedback 
"re- 
sistors" 
are seen to be field-effect 
transistors. 
The drain 
load FET, 
RO' is typically 
equivalent 
to about 
IK to 3 
K-ohms. 
As an 
amplifier, 
the 
low frequency 
voltage 
gain is normally 
between 
- 10 and 
.- 20, and the out- 
put resistance 
is effectively 
RD. 
- 
TO INTERNAL 
CIRCUITRY 


I XTAL2 
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The 80151 oscillator 
is normally 
USt:d with equal bulle 


capacitors 
placed 
externally 
from 
XTALI 
to ground 
and 
from 
XTAL2 
to ground. 
To determine 
a reason- 
able value of capacitance 
to use in thl:se positions, 
given 
a crystal 
of ceramic 
resonator 
of known 
parameters, 
one can use the BASIC 
analysis 
in Appendix 
II to gen- 
erate curves 
such as in Figures 
17 and 
18. This proce- 
dure 
will define 
a range 
of values 
that 
will minimize 
start-up 
time. 
We don't 
suggest 
that 
smaller 
values be 


used than 
those 
which 
minimize 
start-up 
time. 
Larger 
values 
than 
those 
can 
be used 
in applications 
where 
increased 
frequency 
stability 
is desired, 
at some sacri- 
fice in start-up 
time. 


Standard 
Crystal 
Corp. 
(Reference 
8) studied 
the use of 
their crystals 
with the MCS-5I 
family using skew sam- 
ple supplied 
by Intel. 
They 
suggest 
putting 
30 pF ca- 
pacitors 
from 
XTALI 
and 
XTAL2 
to ground, 
if the 
crystal 
is specified 
as described 
in Reference 
8. They 
noted 
that 
in that configuration 
and with crystals 
thus 
specified, 
the frequency 
accuracy 
was ± 0.0 I % and the 
frequency 
stability 
was ±0.OO5%, 
and that a frequency 
accuracy 
of ±0.OO5% 
could 
be obtained 
by substitut- 
ing a 25 pF fixed cap in parallel 
with a 5-20 
pF trim- 
mer for one of the 30 pF caps. 


MCS-5I 
skew 
samples 
have 
also 
been 
supplied 
to a 
number 
of ceramic 
resonator 
manufacturers 
for charac- 
terization 
with their products. 
These companies 
should 
be contacted 
for application 
information 
on their prod- 
ucts. In general, 
however, 
ceramics 
tend to want some- 
what larger 
values 
for CX! and CX2 than 
quartz 
crys- 
tals do. As shown in Figure 
18, they start up a lot faster 
that way. 


In some application 
the actual 
frequency 
tolerance 
re- 
quired 
is only I% or so, the user being concerned 
main- 


ly that 
the circuit 
will oscillate. 
In that case, CX! and 
CX2 can be selected 
rather 
freely in the range of 20 to 
80 pF. 


As you can see, "best" 
values for these components 
and 
their 
tolerances 
are strongly 
dependent 
on the applica- 
tion and its requirements. 
In any case, their 
suitability 
should 
be verified 
by environmental 
testing 
before 
the 
design is submitted 
to production. 


The NMOS 
and HMOS 
MCS-48 
oscillator 
is shown 
in 
Figure 
21. It differs from the 8051 in that its inverting 


inter 


amplifier is a Schmitt Trigger. This configuration was 
chosen to prevent crosstalk from the TO pin, which is 
adjacent to the XTALl pin. 


All Schmitt Trigger circuits exhibit a hysteresis effect, 
as shown in Figure 22. The hysteresis is what makes it 
less sensitive to noise. The same hysteresis allows any 
Schmitt Trigger to be used as a relaxation oscillator. 
All you have to do is connect a n:sistor from output to 
input, and a capacitor from input to ground, and the 
circuit oscillates in a relaxation mode as follows. 


If the Schmitt Trigger output is at a logic high, the 
capacitor commences charging through the feedback 
resistor. When the capacitor volulge reaches the upper 
trigger 
point 
(UTP), 
the 
Schmitt 
Trigger 
output 
switches to a logic low and the eapacitor commences 
discharging through the same resi!.tor. When the capac- 
itor voltage reaches the lower trigger point (LTP), the 
Schmitt Trigger output switches to a logic high again, 
and the sequence repeats. The osdllation frequency is 
determined by the RC time constlmt and the hysteresis 
voltage, UTP-LTP. 


The 8048 can oscillate in this mode. It has an internal 
feedback resistor. All that's needed is an external ca- 
pacitor from XTALl to ground. In fact, if a smaller 
external feedback resistor is added, an 8048 system 
could be designed to run in this mcde. Do it at your own 
risk/ This mode of operation is 1I0t tested, specified, 
documented, or encouraged in any way by Intel for the 
8048. Future steppings of the device might have a dif- 
ferent type of inverting amplifier (one more like the 
8051). The CHMOS members of the MCS-48 family do 
not use a Schmitt Trigger as the inverting amplifier. 


Relaxation oscillations in the 8048 must be avoided, 
and this is the major objective in selecting the off-chip 
components needed to complete the oscillator circuit. 


When an 8048 is powered up, if VCC has a short rise 
time, the relaxation mode starts first. The frequency is 
normally about 50 KHz. The resonator mode builds 


more slowly, but it eventually takes over and dominates 
the operation of the cirucit. This is shown in Figure 
23A. 


Due to processing variations, some units seem to have a 
harder time coming out of the relaxation mode, partic- 
ularly at low temperatures. In some cases the resonator 
oscillations may fail entirely, and leave the device in the 
relaxation mode. Most units will stick in the relaxation 
mode at any temperature if Cx) is larger than about 50 
pF. Therefore, Cx) should be chosen with some care, 
particularly if the system must operate at lower temper- 
atures. 


One method that has proven effective in all units to 
-4O"C is to put 5 pF from XTALI to ground and 20 
pF from XTAL2 to ground. Unfortunately, while this 
method does discourage the relaxation mode, it is not 
an optimal choice for the resonator mode. For one 
thing, it does not swamp the pin capacitance. Also, it 
makes for a rather high signal level at XTALl (8 or 9 
volts peak-to-peak). 


The question arises as to whether that level of signal at 
XTLAI 
might damage the chip. Not to worry. The 
negative peaks are self-limiting and nondestructive. The 
positive peaks could conceivably damage the oxide, but 
in fact, NMOS chips (eg, 8048) and HMOS chips (eg, 
8048H) are tested to a much higher voltage than that. 
The technology trend, of course, is to thinner oxides, as 
the devices shrink in size. For an extra margin of safety, 
the HMOS II chips (eg, 8048AH) have an internal di- 
ode clamp at XTALl to VCC. 


In reality, Cx) doesn't have to be quite so small to 
avoid relaxation oscillations, if the minimum operating 
temperature is not -4O"C. For less severe temperature 
requirements, values of capacitance selected in much 
the same way as for an 8051 can be used. The circuit 
should be tested, however, at the system's lowest tem- 
perature limit. 


Additional security against relaxation oscillations can 
be obtained by putting a 1M-ohm (or larger) resistor 
from XTALl to VCC. Pulling up the XTALl pin this 
way seems to discourage relaxation oscillations as effec- 
tively as any other method (Figure 23B). 


Another thing that discourages relaxation oscillations is 
low VCC. The resonator mode, on the other hand is 
much less sensitive to VCC. Thus if VCC comes up 
relatively slowly (several milliseconds rise time), the 
resonator mode is normally up and running before the 
relaxation mode starts (in fact, before VCC has even 
reached operating specs). This is shown in Figure 23C. 


A secondary effect of the hysteresis is a shift in the 
oscillation frequency. At low frequencies, the output 
signal from an inverter without hysteresis leads (or 
lags) the input by 180 degrees. The hysteresis in a 
Schmitt Trigger, however, causes the output to lead the 


inter 


input by less than 180degrees (or lag by more than 180 
degrees), by an amount that depends on the signal am- 
plitude, as shown in Figure 24. At higher frequencies, 
there are additional phase shifts due to the various reac- 
tances in the circuit, but the phase shift due to the hys- 
teresis is still present. Since the total phase shift in the 
oscillator's loop gain is necessarily 0 or 360 degrees, it 
is apparent that as the oscillations build up, the fre- 
quency has to change to allow the r,eactances to com- 
pensate for the hysteresis. In normal operation, this ad- 
ditional phase shift due to hysteresis does not exceed a 
few degrees, and the resulting frequency shift is negligi- 
ble. 
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A) When VCC Comes Up Faat, Relaxation Oscillations 
Start Firat. But Then the Cryatall'akes 
Over. 
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B) Weak Pullup (1 Mfi or More) ,)n XTAL 1 
Discourages Relaxation Mode. 
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C) No Relaxation Oscillations When 'iCC Comes Up 
More Slowly. 


Kyocera, a ceramic resonator manufacturer, 
studied 


the use of some of their resonators (at 6.0 MHz, 8.0 
MHz, and 11.0 MHz) with the 8049H. Their conclu- 
sion as to the value of capacitance to use at XTAL 1and 
XTAL2 was that 33 pF is appropriate at all three fre- 
quencies. One should probably follow the manufactur- 
er's recommendations 
in this matter, since they will 


guarantee operation. 


Whether one should accept these recommendations and 
guarantees without further testing is, however, another 
matter. Not all users have found the recommendations 
to be without occasional problems. If you run into diffi- 


Figure 23. Relaxation Oscillations in the 8048 
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culties using their recommendations, both Intel and the 
ceramic resonator manufacturer want to know about it. 
It is to their interest, and ours, that such problems be 
resolved. 


230659-41 
B) Inverter With Hysteresis: C1utputLeads 
Input by Le•• than l:JO". 


Figure 24. Amplitude-Dependent 
Phase 
Shift in Schmitt Triigger 


An oscillator design should never be considered ready 
for production until it has proven its ability to function 
acceptably well under worst-case environmental condi- 
tions and with parameters at their worst-case tolerance 
limits. Unexpected temperature 
effects in parts that 


may already be near their toleran~, limits can prevent 
start-up of an oscillator that works perfectly well on the 
bench. For example, designers often overlook tempera- 
ture effects in ceramic capacitors. (Some ceramics are 
down to 50% of their room-temperature 
values at 


- 20"C and + 6O"C).The problem here isn't just one of 
frequency stability, but also involve:, start-up time and 
steady-state amplitude. There may also be temperature 
effects in the resonator and amplifier. 


It will be helpful to build a test jig that will allow the 
oscillator circuit to·be tested independently of the rest 
of the system. Both start-up and steady-state character- 
istics should be tested. Figure 25 shows the circuit that 
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B) Oscillator Test Circuit (Shown for 8051 Test) 


Figure 25. Oscillator 
Test Circuit and Software 


inter 


was used to obtain 
the oscillator 
start-up 
photographs 


in this 
Application 
Note. 
This 
circuit 
or a modified 


version 
of it would make a convenil:nt 
test vehicle. 
The 


oscillator 
and its relevant 
components 
can be physically 


separated 
from 
the control 
circuitry, 
and 
placed 
in a 


temperature 
chamber. 


Start-up 
should 
be observed 
under 
a variety 
of condi- 


tions, including 
low VCC and using slow and fast VCC 


rise times. 
The 
oscillator 
should 
not 
be reluctant 
to 


start 
up even when VCC is below its spec value for the 


rest of the chip. (The rest of the chip may not function, 
but the oscillator 
should 
work.) 
It :;hould also be veri- 


fied that 
start-up 
occurs 
when 
the resonator 
has more 


than 
its upper 
tolerance 
limit of series resistance. 
(Put 


some 
resistance 
in series 
with 
the 
resonator 
for this 


test.) The bulk capacitors 
from XTALl 
and XTAL2 
to 


ground 
should 
also be varied 
to their tolerance 
limits. 


The same circuit, 
with appropriate 
,=hanges in the soft- 


ware to lengthen 
the "on" 
time, can be used to test the 


steady-state 
characteristics 
of the oscillator, 
specifically 


the 
frequency, 
frequency 
stability, 
and 
amplitudes 
at 


XTALl 
and XT AL2. 


As previously 
noted, 
the voltage 
swings 
at these 
pins 
are not critical, 
but they should 
be checked 
at the sys- 


tem's temperature 
limits to ensure that they are in good 


health. 
Observing 
these 
signals 
n.ecessarily 
changes 


them 
somewhat. 
Observing 
the 
signal 
at XT AL2 
re- 


quires 
that 
the capacitor 
at that 
pin be reduced 
to ac- 


count for the oscilloscope 
probe capacitance. 
Observing 


the signal 
at XTALI 
requires 
the same consideration, 


plus a blocking 
capacitor 
(switch 
the: oscilloscope 
input 


to AC), 
so as to not disturb 
the DC level at that 
pin. 
Alternatively, 
a MOSFET 
buffer such as the one shown 


in Figure 
26 can be used. It should be verified by direct 


measurement 
that the ground 
clip on the scope probe is 


ohmically 
connected 
to the 
scope 
ehassis 
(probes 
are 


incredibly 
fragile 
in this respect), 
and the observations 


should 
be made with the ground 
clip on the VSS pin, or 


very close to it. If the probe shield isn't operational 
and 


in use, the observations 
are worthleos. 


,6 
I 
C::::::R 


GATE PROTECTION 


Figure 26. MOSFET Buffer fc,r Observing 
Oscillator SlgnahJ 


Frequency 
checks should be made with only the oscilla- 


tor 
circuitry 
connected 
to XT ALl 
and 
XT AL2. 
The 


ALE 
frequency 
can be counted, 
and the oscillator 
fre- 


quency 
derived 
from 
that. 
In systems 
where 
the 
fre- 


quency 
tolerance 
is only 
"nominal," 
the 
frequency 


should 
still be checked 
to ascertain 
that 
the oscillator 


isn't 
running 
in 
a spurious 
resonance 
or 
relaxation 


mode. 
Switching 
VCC off and on again repeatedly 
will 


help 
reveal 
a tendency 
to go into unwanted 
modes 
of 


oscillation. 


The operation 
of the oscillator 
should 
then 
be ~erified 


under 
actual 
system 
running 
conditions. 
By this stage 


one will be able to have some confidence 
that the basic 


selection 
of components 
for the oscillator 
itself is suit- 


able, so if the oscillator 
appears 
to malfunction 
in the 


system 
the fault is not in the selection 
of these compo- 


nents. 


The first thing 
to consider 
in case of difficulty 
is that 


between 
the 
test jig and 
the 
actual 
application 
there 


may 
be significant 
differences 
in stray 
capacitances, 


particularly 
if the actual 
application 
is on a multi-layer 


board. 


Noise glitches, 
that aren't 
present 
in the test jig but are 


in the application 
board, 
are another 
possibility. 
Capac- 


itive coupling 
between 
the oscillator 
circuitry 
and other 


signal has already 
been mentioned 
as a source 
of mis- 


counts 
in the internal 
clocking 
circuitry. 
Inductive 
cou- 


pling is also possible, 
if there 
are strong 
currents 
near- 


by. These 
problems 
are a function 
of the PCB layout. 


Surrounding 
the 
oscillator 
components 
with 
"quiet" 


traces (VCC and ground, 
for example) 
will alleviate 
ca- 


pacitive 
coupling 
to signals 
that 
have 
fast 
transition 


times. To minimize 
inductive 
coupling, 
the PCB layout 
should 
minimize 
the areas 
of the loops formed 
by the 


oscillator 
components. 
These 
are the loops that 
should 


be checked: 


XT ALl 
through 
the resonator 
to XT AL2; 


XTALl 
through 
CXl to the VSS pin; 


XT AL2 through 
CX2 to the VSS pin. 


It is not unusual 
to find that the grounded 
ends of CXl 


and 
CX2 eventually 
connect 
up to the 
VSS pin 
only 


after looping around 
the farthest 
ends of the board. 
Not 


good. 


Finally, 
it should 
not be overlooked 
that software 
prob- 


lems sometimes 
imitate 
the symptoms 
of a slow-starting 


oscillator 
or incorrect 
frequency. 
Never 
underestimate 


the perversity 
of a software 
problem. 
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APPENDIX 
A 
QUARTZ AND CERAMIC 
RESONATOR 
FORMULAS 


Based on the equivalent circuit of the crystal, the im- 
pedance of the crystal is 


Z 
_ 
(Rl + jWLl + l/jwCl) 
(l/jwCO) 


XTAL - 
Rl + jWLl + 1IjwCl + 1/jwCo 


After some algebraic manipulation, this calculation can 
be written in the form 


CT = 
C1CO 
Cl + Co 


The impedance of the crystal in parallel with an exter- 
nal load capacitance CL is the same expression, but 
with Co + CL substituted for Co: 


Z 
II 
1 
1 - 
w2L1Cl + jwR1Cl 
XTAL 
CL = jW(Cl + Co + CLJ • 1 - 
w2L1C'T + jwR1C'T 


where C'T is the capacitance ofC! in series with (Co + 
CL): 


C' 
- 
Cl(CO + CLI, 
T- 
Cl + Co + CL 


The impedance of the crystal in series with the load 
capacitance is 


. 
1 
ZXTAL + CL = ZXTAL + jwCL 


= CL + Cl + Co. 
1 - 
w2L1C'T + jwR1C'T 


jwCL (Cl + Co) 
1 - 
~)2L1CT + jwR1CT 


The phase angles of these impedan~es are readily ob- 
tained from the impedance expressions themselves: 


WRl Cl 
9XTAL = arctan 
2 
C 
1 - 
w Ll 
1 


_ arctan 
wR1C'T 
1T 
1 - 
w2L1C'T 
2 


WR1C'T 
9XTAL + CL = arctan 
2L C' 
1 - w 
1 
T 


_ arctan 
WRl CT 
1T 
1 - 
w2L1CT 
2 


The resonant ("series resonant") frequency is the fre- 
quency at which the phase angle is zero and the imped- 
ance is low. The antiresonant ("parallel resonant") fre- 
quency is the frequency at which the phase angle is zero 
and the impedance is high. 


Each of the above 9-expressions contains two arctan 
functions. Setting the denominator of the argument of 
the first arctan function to zero gives (approximately) 
the "series resonant" frequency for that configuration. 
Setting' the denominator of the argument of the second 
arctan function to zero gives (approximately) the "par- 
allel resonant" frequency for that configuration. 


For example, the resonant frequency of the crystal is 
the frequency at which 


1 


Ws = ~L1Cl 


1 
fs=--- 
21TJL1Cl 


inter 


It will be noted that the series resonant frequency of the 
"XTAL + CL" configuration (crystal in series with CL) 
is the same as the parallel resonant frequency of the 
"XTALllcL" 
configuration (crystal in parallel with 
Cd. This is the frequency at which 


1 
fa=---" 
2'/T~L1C'T 


This fact is used by crystal mantfacturers 
in the pro- 


cess of calibrating a crystal to a !,pecified load capaci- 
tance. 


By subtracting the resonant frequency of the crystal 
from its antiresonant frequency, one can calculate the 
range of frequencies over which the crystal reactance is 
positive: 


fa - 
fs = fsl~1 + C1/Co 
- 
1 
fsG~;J 


Given typical values for CI and Co, this range can 
hardly exceed 0.5% offs. Unless the inverting amplifier 
in the positive reactance oscillatOi is doing something 
very strange indeed, the oscillation. frequency is bound 
to be accurate to that percentage whether the crystal 
was calibrated for series operation or to any unspecified 
load capacitance. 


ESR is the real part of ZXTAL at the oscillation fre- 
quency. The oscillation frequency is the parallel reso- 
nant 
frequency 
of the 
"XTALllcL" 
configuration 
(which is the same as the series resonant frequency of 
the "XT AL + CL" configuration). Substituting this fre- 
quency into the ZXTAL expression yields, after some 
algebraic manipulation, 


(Co + CL)2 
R1 
--- 
CL 
ESR = 
(C 
)2 
1+w2C~ 
Co;L 
L 


The power dissipated by the crystal is I~R), where II is 
the RMS current in the motional arm of the crystal. 
This current is given by vx/lz\l, 
where Vx is the RMS 
voltage across the crystal, and IzIi is the magnitude of 
the impedance of the motional arm. At the oscillation 
frequency, the motional arm is a positive (inductive) 
reactance in parallel resonance with (Co + Cd. There- 
fore IZII is approximately equal to the magnitude of the 
reactance of (Co + Cd: 


1 
IZ11 = 2'/TflCo + CLl 


p = I~ R1 = (I~~IYR1 


= [2'/Tf lCo + CLl Vx]2 R1 


The 
waveform 
of the 
voltage 
across 
the 
crystal 
(XTALI to XTAL2) is approximately sinusoidal. If its 
peak value is VCC, then Vx is VCC/,fi. Therefore, 


APPENDIX 
B 


OSCILL.ATOR ANALYSIS 
PROGRAM 


The program is written in BASIC. BASIC is excruciat- 
ingly slow, but it has some advantages. For one thing, 
more people know BASIC than FORTRAN. 
In addi- 


tion, a BASIC program is easy to dl:velop, modify, and 
"fiddle around" with. Another impJrtant advantage is 
that a BASIC program can run on practically any small 
computer system. 


Its slowness is a problem, however. For example, the 
routine which calculates the "start;·up time constant" 
discussed in the text may take sevl~ralhours to com- 
plete. A person who finds this program useful may pre- 
fer to convert it to FORTAN, if the facilities are avail- 
able. 


The program was developed with specific reference to 
805I-type osciIlator circuitry. That means the on-chip 
amplifier is a simple inverter, and not a Schmitt Trig- 
ger. The 8096, the 8OC51, the 80C48 and 80C49 all 
have simple inverters. The 8096 osciIlator is almost 
identical to the 8051, differing mainly in the input pro- 
tection circuitry. The CHMOS amplifiers have some- 
what different parameters (higher ,gain, for example), 
and different transition levels than the 8051. 


The MCS-48 family is specifically included in the pro- 
gram only to the extent that the input-output curve 
used in the steady-state analysis is that of a Schmitt 
Trigger, if the user identifies the de~ice under analysis 
as an MCS-48 device. The analysis does not include the 
voltage dependent phase shift of the:Schmitt Trigger. 


The clamping action of the input protection circuitry is 
important in determining the steady-state amplitudes. 
The steady-state routine accounts ~Jr it by setting the 
negative peak of the XTALl signal at a level which 
depends on the amplitude of the XTALl signal in ac- 
cordance with experimental observations. It's an exer- 
cise in curve-fitting. A user may find a different type of 
curve works better. Later steppingH of the chips may 
behave differently in this respect, having somewhat dif- 
ferent types of input protection circuitry. 


It should be noted that the analysis ignores a number of 
important items, such as high-frequency effects in the 
on-chip circuitry. These effects are difficult to predict, 
and are no doubt dependent on temperature, frequency, 
and device sample. However, they can be simulated to a 
reasonable degree by adding an "output capacitance" of 
about 20 pF to the circuit model (i.e., in parallel with 
CX2) as described below. 


The program asks the user to input values for various 
circuit parameters. First the crystal (or ceramic resona- 
tor) parameters are asked for. These are Rl, Ll, Cl, 
and CO.The manufacturer can supply these values for 
selected samples. To obtain any kind of correlation be- 
tween calculation and experiment, the values of these 
parameters must be known for the specific sample in 
the test circuit. The value that should be entered for CO 
is the COof the crystal itself plus an estimated 7 pF to 
account for the XTALl-to-XTAL2 
pin capacitance, 


plus any other stray capacitance paralleling the crystal 
that the user may feel is significant enough to be includ- 
ed. 


Then the program asks for the values of the XTALl-to- 
ground 
and 
XTAL2-to-ground 
capacitances. 
For, 


CXTALI, enter the value of the externally connected 
bulk capacitor plus an estimated 7 pF for pin capaci- 
tance. For CXTAL2, enter the value of the externally 
connected bulk capacitor plus an estimated 7 pF for pin 
capacitance plus about 20 pF to simulate high-frequen- 
cy roll-off and phase shifts in the on-chip circuitry. 


Next the program asks .for values for the small-signal 
parameters of the on-chip amplifier. Typically, for the 
8051/8751, 
Amplifier Gain Magnitude 
Feedback Resistance 
Output Resistance 


15 
2300 Kfi 
2Kfi 


The same values can be used for MCS-48 (NMOS and 
HMOS) devices, but they are difficult to verify, because 
the Schmitt Trigger does not lend itself to small-signal 
measurements. 


100 
DEFDIL 
C.D.F.O.L.P.R,S.X 
200 
REM 
APRIL 
B. 
1983 
300 RE" ••••••••••••••••.••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
400 
REM 
:lOO REM 
600 
REM 
700 
REM 
BOO 
REM 
FNZM(R.XI 
• MAON.ITUDE 
OF 
A 
COMPLEX 
NUMBER. 
IR+JXI 
900 
DEF 
FNZMIR.X) 
.sQRIIl"2+X"2) 
1000 
REM 
1100 
REM 
FNZPIR.X) 
1200 
REM 
1300 
REM 
1400 
REM 
1500 
DEF 
FNZPCR.X) 
1600 
REM 
1700 
REM 
IBOO 
REM 
1900 
REM 
2000 
DEF 
2100 
DEF 
2200 
REM 
2300 
REM 
2400 
REM 
2500 
REM 
2600 
REM 
2700 
DEF 
2BOO 
DEF 
2900 
REM 
3000 
REM 
3100 
REM 
3200 
REM 
3300 
REM 
3400 
REM 
3'00 
DEF 
3600 
DEF 
3700 
REM 
3800 
REM 
3900 
REM 
4000 
REM 
4100 
DEF 
FNRMIRA.XA.RB.XBI 


4200 
DEF 
FNXMCRA.XA.RB.XBI 
4300 
REM 
4400 
REM 
4SOO 
REM 
4600 
REM 
4700 
REM 
4BOO 
REM 
4900 
REM 
:lOOO REH 
5100 
REM 
5200 
REM 
5300 
REM 
5400 
REM 
5'00 
DEF 
5600 
DEF 
'700 
REM 
5800 
RE" 
•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
5900 
REH 
6000 
REM 
6100 
REM 
6200 
LET 
PI 
• 3.141592654. 
6300 
REM 
6400 
REM 
6'00 
OOSUI 
14500 
6600 
REM 
6700 
REM 
ESTABLISH 
r~OI1INAl.RESONANT 
ANl) ANTI RESONANT 
CRYSTAL 
FREGUENCIEs 
6Boo 
FS 
• FIX C1/ 12*P I-SOR CU*C 
I) )) 
6900 
FA 
• FIXCI/C2*PI*SORCU*CI*C'0/(Cl+tO) 
I» 
7000 
PRINT 
7100 
PRINT 
"HAL 
IS SERIES 
RESONANT 
AT 
".Fs." 
HZ" 
7200 
PRINT" 
PARALLEL 
RESONANT 
AT 
".FA." 
HZ" 
7300 
PRINT 
7400 
PRINT 
"SELECT: 
I 
7'00 
PR INT 
" 
2 
7600 
PRINT 
" 
3 
7700 
PRINT 
" 
4 
'BOO PRINT 
" 
5 


• ANCI.E OF 
A 
COMPLEX 
NUMBER 
• 
IBOlPI*ARCTANCX/R) 
IF R)O 
~ 
IBOlPI*ARCTANlX/R) 
+ 
IBO 
IF R<O 
AND 
X>O 
• 
IBOlPI*ARCTANCXlR) 
- 
IBO 
IF R(O 
AND 
X<O 
• 
IBOiPI*ATNCX/RI 
- 
CsQNCRI-II*sQNIX)*90 


INDUCTIVE 
IMFEDANCE 
AT 
COMPLEX 
FREQUENCY 
Z • 2*Pt*S*L 
+ 
J2*Pl*F*L 
• FNRLCs.LI 
+ 
JFNXLCF.LI 
FNRLCsL.LL) 
.2.*PI*sL*LL 
FNXLIFL.LL) 
.2.*PI*FL*LL 


CAPACITIVE 
IMPEDANCE 
AT 
CQHPLEX 
FREGUENCY 
s+JF 
CHZ) 
Z • 
1/[2*PI*(S+JF)*Cl 
• s/[2*PI*Cs"2+F"2)*Cl 
+ 
J(-F)/[2*PI*Cs"2+F"2ICl 
• FNRCCs.F.C) 
+ 
JFNXC(s.F.C) 
FNRCISC.FC.CCI 
.sC/12.*PI*CsC"2+FC"2)*CC) 
FNXCISC.FC.CC) 
• -FC/C2.*PI*CSC"2+FC"2)*CC) 


RB"2+XB"2 
RB"2+XB"2 
FNRRCRA. 
XA.RB.XB) 
+ 
JFNXRCRA.XA.RB.XII 
= 
IRA*RB+XA*XB)/IRB"2+XB"2) 
• 
CXA*RB-XB*RA)/CRB"2+XB"2) 
'. 
FNRRCRA.XA.RB.XBI 
FNXRIRA.XA.RB.XBI 


PRODUCT 
OF 
TWU 
COMPLEX 
NUMBERS 
IRA+JXA)*,'RB+JXB) 
RA*RB-XA*XB 
+ 
JCXA*RB+RA*XII 
• FNRM(RA.XA.RB.XB) 
+ 
JFNXMIRA.XA.RI.XI) 
•. RA*RB 
- 
XA*XB 
• RA*XB 
+ 
RB*XA 


• FNRPCRA.XA.RB.XBI 
+ 
JFNXPCRA.XA.RB.XB) 
FNRPIRA.XA.RB.XB) 
• 
IRA*CRB"2+XB"2) 
+ RB*IRA"2+XA"2»/CCRA+RB)"2 
+ 
IXA+XIIA21 
FNXPCRA.XA.RB.XB) 
• 
CXA*CRB"2+XB'2) 
+ 
XB*CRA"2+XA"211/CCRA+RB)"2 
+ 
(XA+XII"21 


LIS,. PAkAMETERS" 
CIRCUIT 
ANALYSIS" 
OSC ILLA TI ON 
FREQUENC 
Y" 
~TA~ T··UP 
T II'1E CONSTANT" 
STE~DY-STATE 
ANALYSIS" 


inter 


7900 
PRINT 
9000 
INPUT 
N 
9100 
IF 
N-I 
THEN 
PRINT 
ELSE 
ElbOO 
9200 
REM 
9300 
REM 
-.------------ 
------ .. LIST 
PARIlif1ETERS ---------------------------- 
B400 
GOSUB 
17100 
B500 
GOTO 
6BOO 
BbOO 
IF 
N-2 
THEN 
PRIN1" 
ELSE 
~'400 
B700 
REM 
seoo 
REM 
- - -------.- 
.. -- 
------- 
C I Rev I T 
ANAL 
VS I 3 
- -------------------------- 
B900 
PRINT" 
FREQUENCY 
S+,)F 
TYPE 
CS), CFl 
" 
9000 
INPUT 
sQ,FQ 
9100 
GOSUD 
20200 
9200 
GOsUD 
2101000 
9300 
GOTO 
6BOO 
9400 
IF 
N=3 
THEN 
10300 
ELSE 
11000 
9500 
REM 
9600 
REM 
------------------ 
CtSCILLATION 
FREQUENCY 
------------------------ 
9700 
CL 
- 
CX+CY/(CX+CVl 
+ 
CO 
9800 
Fa 
• 
FIX( 
l/(:i!*PI'tSQR(Ll.'Cl*CL/(Cl+CL»)) 
9900 
SQ 
- 
0 
10000 
OF 
• 
FIXCIO"'INT<LOG(FA-Fsl/LOG<lOl-2,+ 
5, 
10100 
05 
- 
0 
10200 
RETURN 
10300 
GOSUD 
9700 
10400 
GOSUD 
30300 
10500 
PRINT 
101000 PRINT 
10700 
PRINT 
"FREQUENCY 
AT 
WHICH 
LOOP 
GAIN 
HAS 
ZERO 
PHASE 
ANGLE. 
" 
10BOO 
GOSUB 
210600 
10900 
OOTO 
10900 
11000 
IF 
N-4 
THEN 
PRINT 
ELSE 
12200 
11100 
REM 
11200 
REM 
---------------- 
START-UP 
TIME 
CONSTANT 
------------------------- 
11300 
PRINT 
"THIS 
WILL 
TAKE 
~;OME TIME 
11400 
OOSUD 
9700 
11500 
GOSUB 
37700 
11600 
PRINT 
11700 
PRINT 
I1BOO 
PRINT 
"FREQUENCY 
AT 
WHICH 
LOOP 
GAIN 
= 
I AT 
0 
DEGREES: 
" 
11900 
OOSUB 
261000 
12000 
PRINT 
PRINT 
"THIS 
YIELDS 
A 
START-UP 
TIr1E CONSTANT 
OF 
..;CSNQ(lOOOOOO~/(2*PI.SO»i 
II 
"leROSECS" 
12100 
GOTO 
6BOO 
12200 
IF 
N-5 
THEN 
PRINT 
ELSE 
7300 
12300 
REM 
12400 
REM 
---------------- 
STEADY-STATE 
ANALYSIS 
--------------------------- 
12500 
PRINT 
"STEADY-STATE 
AN~LYSIS" 
12600 
PRINT 
12700 
PRINT 
"SELECT: 
12BOO 
PRINT 
" 
12900 
PRINT 
" 
13000 
PRINT 
13100 
INPl'T 
IC7. 
13200 
IF 
ICX<I 
OR 
ICD'; 
THEN 
12600 
13300 
OOSUB 
46900 
13400 
OOTO 
7300 
13500 
REM 
SUBROUTINE 
3ELOW 
DEFINES 
INPUT-OUTPUT 
CURVE 
OF 
OSCILLATOR 
CKT 
131000 
IF 
IC7.>2 AND 
VO=5 
AND 
VI<2 
THEN 
RETURN 
13700 
va 
- 
-10+VI 
+ 
15 
13BOO 
IF 
VO>5 
THEN 
VO 
• 
5 
13900 
IF 
VO--:.2 THEN 
VO 
= 
2 
14000 
IF 
ICX>2 
AND 
VO>2 
THEN 
VO 
= 
5 
14100 
RETURN 
14200 
REM 
14300 
REM •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
14400 
REM 
14500 
REM 
141000 
REM 
14700 
INPUT" 
RI 
(OHMSl",RI 
14BOO 
INPUT 
" L1 
(HENRY 
l", L1 
14900 
INPUT" 
CI 
(PFl ", X 
l~OOO Cl 
• 
X*lE-12 
15100 
INPUT" 
CO 
<PFl ", X 
15200 
CO 
= 
X+IE-12 
15300 
INPUT" 
CXTAL1 
CPFl", X 
1~400 ex 
= 
X*tE-12 
15500 
INPUT" 
CXTAL2 
CPF,"; X 
15600 
CY 
- 
X+1E-12 


I. 
B0311B051" 
2. 
B751" 
3. 
B03~/B039/B040/B04B/B049" 
4 
8748/8749" 


1~700 
15BOO 
15'i'00 
16000 
16100 
16200 
16300 
16400 
16500 
16600 
16700 
16BOO 
16'i'00 
17000 
17100 
17200 
17300 
17400 
17500 
17600 
17700 
17BOO 
17'i'00 
IBOOO 
IBIOO 
IB200 
IB300 
IB400 
IB500 
IB600 
IB700 
IBBOO 
IB'i'OO 
1'i'000 
1'i'100 
1'i'200 
1'i'300 
1'i'400 
1'i'500 
1'i'600 
1'i'700 
I'i'BOO 
1'i''i'00 
20000 
20100 
20200 
20300 
20400 
20500 
20600 
20700 
20BOO 
20'i'00 
21000 
21100 
21200 
21300 
21400 
21500 
21600 
21700 
21BOO 
21'i'00 
22000 
22100 
22200 
22300 
22400 
22500 
22600 
22700 
22BOO 
22'i'00 
23000 
23100 
23200 
23300 
23400 


INPUT 
" GAIN 
FACTO~ 
MAGNITUDE"; 
AV_ 


INPUT" 
AMP 
FEEDBACK 
RESISTANCE 
IK-OHMsI",X 
RX 
= 
J*IOOO_ 
INPUT" 
AMP 
OUTPUT 
RESISTANCE 
IK-OHMs,,,, X 
RO 
= 
HIOOO_ 
REM 
REM 
REM 
GOsUB 
17100 


RETURN 
REr1 
REM 
REM .***••••• *••~.*...•*••••••• 
~•••••••• 
*.* •••••••• *•••••••••••••• 
REr1 
REf" 
REM 
PRINT 
PR INT 
"CURRENT 
PARAI1ETE~ 
VALUES 
PRINT" 
PRINT" 
PRINT 
PRINT 
PRINT 
PRINT 
" 


PRINT" 
PRINT 
PRINT 
PRINT 
"TO 
CHANGE 
A 
PARAMETER 
VALUE, 
TVPE 
(PA~AM 
NO 
), (NEW 
VALUE) 
" 
PRINT 
"OTHERWISE, 
T\'PE 0,0 
" 
INPUT 
NY.,X 
IF NY.-O THEN 
IF NY.-I THEN 
IF Ny'-2 THEN 
IF NY.-MHEN 
IF NY.=4 THEN 
IF NY.= 
THEN 
IF NY...t.THEN 
IF NY.-7 THEN 
IF NY.-B THEN 
IF NY.='i'THEN 
GOTO 
17400 
REM 
REM 
REM 
•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
XI 
= 
RE - 
XE 
= 
REM 
REM 
2 
RF 
+ 
JXF 
REM, 
RF 
= FNRPIRX,O,RE,XEJ 


XF 
= FNXP(RX,O,RE,XEI 


REM 
REM 
3. 
Input 
Imp.darce 
71 
REM 
RI 
- FNRC(sO,FO,C() 
XI 
• FNXCISO,FO,C') 
REM 
REM 
4 
Load 
lmpedance 
REM 
RL 
= FNRPIIRF+~II, 
(XF+XI), FNRCISO, 
F'l,CVI, FNX(ISQ, 
FO, (VI I 
XL· 
FNXP«RF+RI 
. (XF+Xl).FNRC~SQ,r:G.CY).~NXC(SO.FG.CY» 


REM 
REM 
5 
Amplifier 
gatn 
A 
~ 
-AV.ZL/IZL~RO) 


REM 
'" :"irealj 
+ 
.iA1lm.glnary) 


REM 
AR. 
= 
-AV •• FNRR (PL, 
XL. 
'RO+RL). 
)'L) 
AI* 
= 
-AV."FN'(P<RL, 
XL. 
(P(J+FlL)' 
1Li 


REM 
REM 
6 
Fe@dbaL~ 
ratio 
REM 


RI 
",RI," 
OHMS" 


2 
Ll 
",CSNGIL!)," 
HENRY" 
3 
Cl 
= 
",CSNGICI*1E+121;" 
PF" 
4 
CO 
",CSNGICO*IE+12)," 
PF" 


S 
CXTALl 
= 
",CSNGICX*IE+12)," 
PF" 
6 
CXTAL2 
= ", CSNG(CY*IE+12)." 
PF" 
AMPLI F IER 
GA IN MAGN ITUDE 
",AV. 
FEEDBACK 
RESISTANCE. 
",CSNG(RX* 
001);" 
K-OHMs" 
OUTPUT 
RESISTANCE 
= 
",CsNG(RO* 
001);" 
K-OHMS" 


RETURN 
RI 
X 
LI 
X 
Cl 
= 
X-1£-102 
CO 
X"IE-12 
ex 
= X*I£-12 
CV 
= 
X*IE-12 
AV_ 
= 
X 
RX 
X*1000' 


RO 
= 
X*IOOO' 


FNXL(FG,Lli 
+ 
FUXC(SQ,FG,Cli 
FNRP (IRI+FNRLlsU, 
Ll )+FNRC (SO, FO, C 1) I,X I,FNRC (SO, FO, CO), FNXC (SO. FO, CO» 
FNXP IIR I+FNRLl SU, Ll )+FNRC (SO, FO, C I I),XI,FNRC (SO, FO, CO), FNXC ISO. FO. CO) ) 


inter 


23~00 REM 
23600 SR' 
= FNRR(RI. XI. <RI<'RFl,OI+XF) 
\ 
23700 0U 
= FNXR (R1.XI,<R I<·RF\.<XI+XFl ) 
23800 REM 
23900 REM 
7 


24000 REM 
24100 A = FNZM(AR"AI.) 
24200 AP 
= FNZP(AR.,AII) 


24300 REM 
24400 REM 
8 
(beta) 
In 
ma~lnitud./ph.5. 
form 
Bj;+JBI:I: 
B at 
BP degr •• s 
24500 REM 
246000 
= FNZM<DR •.DII) 


24700 SP = FNZP<DRI,OII) 
24BOO REM 
.24900 
REM 
'it 
Loop 
gaIn 
G = 
<3R+JBI).(AR+.lAI) 
2~OOO REM 
=- 
G(real~ 
+ 
JG<lmaginary) 
2~100 REM 
25200 OR = FNRM<AR', AU. DR." DII) 
2~300 01 = FNXM<ARI,AU,BR.'.OII) 
25400 REM 
2"00 
REM 
10. 


2~600 REM 
2~700 AL = FNZM<OR,GI) 
2~BOO AO = FNZP<OR,OI) 
25900 RETURN 
26000 REM 
26100 REM 
26200 
REM *.****.*.* ••••••~•••••••••••••• ****.** ••**** ••• **•• *.*•••••••• 


26300 
REM 


26400 REM 
26~00 REM 
26600 PRINT 
26700 PRINT" 
FREOUENCY 
= ";50;" 
+ .)";FO;" HZ" 
26BOO PRINT 
XTAL 
IMPEDANCE 
= 
", FNZM<RE. XE);" 
OHMS 
AT 
";FNZP<RE, XE);" 
DEOREES" 
26900 PRINT" 
<RE = 
",CSNO(REL" 
OHMS)" 
27000 PRINT" 
<XE = 
"; CSNO(XE);" 
OHMS)" 
27\00 PRINT" 
LOAD 
IMPEDANCE 
",FNZM<RL.XU;" 
OHMS 
AT 
";FNZP<RL,XU;" 
DEGREES" 


27200 PRINT" 
AMPLIFIER 
GAIN 
= ",A;" AT 
",AP;" 
DEOREES" 
27300 PRINT" 
FEEDBACK 
RATIO 
= ".D," AT 
";OP;" 
DEGREES" 
27400 PRINT" 
LOOP 
GAIN 
= ";AL." 
AT 
";AQ." 
DEGREES" 
27~00 RETURN 
27600 REM 
27700 REM 
27800 
REM .****••••• ****** •••• ***•••••••••••••••• 
**•••• ***•••• *****.*.*. 
27900 REM 
28000 REM 
28100 REM 
28200 REM 
28300 REM 
28400 REM 
28500 REM 
28600 REM 
28700 REM 
28800 REM 
28900 REM 
29000 REM 
29100 REM 
29200 REM 
29300 REM 
29400 REM 
29500 REM 
29600 REM 
29700 REM 
29800 REM 
29900 REM 
30000 REM 
30100 REM 
30200 REM 
30300 GOSUO 
20200 
30400 GOSUB 
26600 


30~00 IF GI=O 
THEN RETURN 


30600 SXX 
= INT(SGN(GI» 
30700 IF SXX=+I 
THEN 
OS = -.05 


30BOO REM 
(REVERSAL 
OF OS I~OR G I:0 15 FOP 
THE POLE-SEARCH 
ROUTINE. ) 


30900 REM 
31000 REM 
2 
INCREMENT 
THE FREGUENCY 
31100 REM 
31200 SP = SO 


This 
routine 
se.rches 
for 
the 
frequency 
at 
which 
the 
imaginary 
part 


of 
the 
loop 
gain 
is 
zero 
The 
algorithm 
15 
as 
fol1o~s: 
1. 
Calculate 
the 
sign 
of 
the 
imagInary 
part 
of 
the 
loop 
gain 
(CI), 
2. 
Increm.nt 
the 
frequency 
3. 
Calculate 
the 
slgn 
of 
GI 
at 
the 
incremented 
frequencij. 
4. 
If 
the 
sign 
of 
GI 
has 
not 
changed. 
go 
b.ck 
to 
2. 
5. 
If 
the 
sign 
of 
GI 
has 
change/. 
and 
this 
frequency 
is 
within 
1Hz 
of 
the 
previous 
sign-change. 
exit 
the 
routine 
6. 
OtherWIse. 
divide 
the 
frequency 
increment 
by 
-10. 
7. Go buk 
to 2. 


The 
routine 
15 
entered 
wlth 
the 
'tarting 
frequency 
SO+JFO 
and 
st.rting 
increment 
DS+JDF 
already 
d.fined 
by 
the 
calling 
program. 


In 
actual 
use 
either 
OS 
or 
OF 
IS 
zero, 
so 
the 
routine 
searche. 
for 
a 
GI=O 
pOInt 
by 
lncrementing 
either 
sa 
or 
FG 
while 
holding 
the 
other 
constant. 
It 
return~ 
control 
to 
the 
calling 
program 
with 
the 
increment.d 
part 
of 
the 
frequer.cy 
being 
wlthin 
1Hz 
of 
the 
actual 
QI=O 
point 


31300 
31400 
31500 
31bOO 
31700 
31800 
31900 
32000 
32100 
32200 
32300 
32400 
32500 
32600 
32700 
32800 
32~OO 
33000 
33100 
33200 
33300 
33400 
33500 
33600 
33700 
33800 
33900 
34000 
34100 
34200 
34300 
34400 
34500 
34600 
34700 
34800 
34900 
35000 
35100 
35200 
35300 
35400 
35500 
35600 
35700 
35800 
35900 
36000 
36100 
36200 
36300 
36400 
36500 
36600 
36700 
36800 
36900 
37000 
37100 
37200 
37300 
37400 
37500 
37600 
37700 
37800 
37900 
38000 
38100 
38200 
38300 
38400 
38500 
38600 
38700 
38800 
38900 
39000 


FP 
SQ 
FQ ~ 
REM 
REM 
3 


REM 
QOSUB 
20200 
QOSUII 26600 
IF INT<SGNCGII)=O 
lHEN 
RETURN 
REM 
REM 
4 
REM 
IF SXY.+INTCSGN<GIII=O 
THEN PRINT 
ELSE 
31400 
SXY. = -SXY. 
REM 
REM 
5 
REM 
REM 
REM 
REll 
IF AIISCSP-SQI<1 AND ABS<FP-FQI<:1 AND SXY.=-I THEN 
~ETURN 
REM 
REM 
REM 
OS 
= 
-05/1011 
PF = -OF/lOll 
REM 
REM 
7 
GO BACK 
TO 
REM 
QOTO 
31200 
REM 
REM 
REM 
••••• 
*•.••••••••. 
,.••• *.* *•.•••••.••••.••••.•••••••••••••••••••••••••• 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
QOSUB 
9700 
QOSUB 
30300 
REM 
REM 
REM 
SYX 
• 
INT(SGN(AL-·ll») 
IF SYY.=-I THEN 
STOP 
REM 
ESTABLISH 
INITI.\L INCREME'HATION 
"ALUE 
FOR 
Fe 
FI = FQ 
OF = 
CFA-FII/IOII 
QOSUII 30300 
DE 
<FQ-FII/IOII 
DF 
0 


FQ = FI 


• FQ 
SQ 
+ OS 
FQ + OF 


IF THE SIQN 
OF 
GI 
HAS CHANGED. 
AND 
IF THIS 
FREQUENCY 
IS WITHIN 
1HZ 
Of" 
1'~E PREVH!I)S 
SIGN-CHANGE. 
AND 
!F 
G! 
IS 
NEGATIVE; 
THEN 
EXIT 
THE ROUTINE 
'THE ADDITIONAL 
REQUIREMENT 
FOR NEGATIVE 
GI 
IS FOR 
THl;:POLE-SEARCH 
ROUTINE 
) 


Thi~ 
routine 
slt.rches 
for 
the 
fr.~u.nc~ at 
which 
the 
loop 
gain. 
1 
at 
0 
d.grees 
"rhat 
fr.qu.nc~ 
15 
t~. 
pol. 
fr.~u.nc~ of 
the 
clos.d- 
loop 
gain 
'uoc1:10n. 
Th. 
pol. 
fr.qu.nc~ is 
• 
campi 
•• 
numb.r. 
SQ+JFO 


(Hz) 
OsciIl.tl,r 
start-up 
.nsu.5 
l' 
5Q>0 
The 
algorithm 
IS 
b••• d 
on 
the 
calcul.t.d 
b.havlor 
of 
the 
phase 
angl. 
of 
the 
loop 
gain 
in 
the 


r.glon 
of 
int'f'pst 
on 
the 
compl.x 
plane. 
The 
locus 
of 
points 
of 
Z.TO 
phase 
angl~ 
,r(lsses 
the 
J-.ris 
at 
the 
oscill.tion 
frequenc~ 
and 
at 
some 
higher 
ir,·qu.nc~. In 
between 
th~l. 
two 
crossings 
of 
the 
J-•• 
is. 


the 
locus 
lies 
in 
Quadrant 
I 
of 
the 
compl~, 
plane. 
forming 
an 
approlimate 
parabola 
which 
opens 
to 
the 
left. 
Th~ 
basic 
plan 
is 
to 
follow 
the 
loc~s 
from 
where 
It 
crosses 
the 
J-al1s 
at 
the 
oscillation 
frequenc~. 
Into 
Quadrant 
I. 
and 
find 
the 
point 
on 
that 
locus 
~here 
the 
loop 
gain 
has 
a 
magnitude 
of 
1. 
The 
algorithm 
is 
a. 
follo~s: 


1 
Find 
th. 
osciliation 
frequenc~, 
O+JFQ 
2. 
At 
thiS 
fr.quenc~ 
calculate 
the 
sign 
of 
(AL-l) 
(AL 
z 
magnitude 
of 
loop 
gain. 
) 


3. 
Increlr.ent 
FO. 


4 
For 
thiS 
value 
of 
FQ. 
find 
the 
value 
of 
50 
for 
which 
the 
loop 
gain 
has 
zero 
phase 


,. 
For 
thiS 
value 
of 
SO+,FQ, 
calculate 
the 
sign 
of 
(AL-l) 
b. 
If 
the 
sign 
of 
(AL-l) 
1'1.5 
not 
chang.d. 
go 
back 
to 
3. 


7. 
If 
the 
sign 
of 
(AL-l) 
has 
changed, 
and 
this 
value 
of 
FQ 
1S 
Within 
1Hz 
of 
the 
pr.vlOus 
sign-change 
.• 
Iit 
the 
routin 
•. 


a. 
OtherWise. 
diVide 
the 
Fa-Increment 
b~ 
-10 
q 
Go 
bacle: 
to 
3 


39100 
AEI1 
39200 
AEI1 
3. 
INCAEI1ENT 
FO 
39300 
AEI1 
39400 
FO 
• 
FO 
+ 
DE 
3'9:loo liE" 
3'9600 
1101 
3'9700 liE" 
39800 
AE" 
341.00 liE" 
40000 
AE" 
40100 
DS 
- 
1000. 
40200 
SO 
- 0 
40300 
008UB 
30300 
40400 
IF AL-l! 
THEN 
AETURN 
40500 
liE" 
40600 
AE" 
40700 
AE" 
40800 
AE" 
40900 
IF SYX+INTISONIAL-l'I'-O 
THEN 
PAINT 
ELSE 
39400 
41000 
AE" 
41100 
liE" 
41200 
liE" 
41300 
AE" 
41400 
IF AIBIFI-FOI<l 
THEN 
IIETURN 
41500 
AE" 
41600 
AE" 
41700 
liE" 
41800 
DE 
• -DElIO. 
41900 
Fl 
• FO 
42000 
8YX 
• -SYX 
42100 
liE" 
42200 
AE" 
9. 
00 
BACK 
TO 
3. 


42300 
IIE11 
42400 
GOTO 
341400 
42500 
liE" 
42600 
liE" 
42700 
RE" ••••••••••••••••• 
t~••••••••••••••••••••••••••••••••••••••••••••• 
42IlOO liE" 
42900 
liE" 
43000 
liE" 
43100 
liE" 
43200 
AE" 
43300 
liE" 
43400 
AEI1 
43500 
AEI1 
43600 
AE" 
43700 
AE" 
43800 
liE" 
43900 
liE" 
44000 
AE" 
44100 
AE" 
44200 
AE" 
44300 
AE" 
44400 
AE" 
44500 
AE" 
44600 
AE" 
44700 
AE" 
44800 
AE" 
44900 
AE" 
45000 
liE" 
45100 
AE" 
45200 
AE" 
45300 
liE" 
45400 
AE" 
45500 
AE" 
45600 
liE" 
45700 
AE" 
45800 
AE" 
45900 
liE" 
46000 
liE" 
7. 


46100 
liE" 
46200 
AE" 
8 
46300 
AEI1 
46400 
AE" 
46500 
AE" 
9. 


46600 
AE" 
46700 
AE" 
46800 
liE" 


4. 
FOIl THIS 
YALIA; OF 
FO. 
FIND 
THE 
YALUE 
OF 
SO 
FOR 
WHICH 
THE 
LlXlP 
OAIN 
HAS 
ZEAO 
PHASE. 
ITHE 
AOUTINE 
WHICH 
DOES 
THAT 
NEEDS 
OF 
• 
0, 
SO 
THAT 
IT CAI~ HOLD 
FO 
CONSTANT. 
AND 
NEEDS 
AN 
INITIAL 
YALIAE FOIl 
DB, 
WHICH 
IS ,'ABITRARILY 
SET 
TO 
DB 
- 
1000. I 


The circuit 
mod.l 
us.d 
in this .n.l~sis 
ts .iMl1.~ 
to the on. u.ed 
in the 
.",.ll-,igr.al 
an.lv.i 
•. 
but 
diffe",. 
''rom it 
in two rWI,.ct •. 


FiT".t. 
it 
includ •• 
clamping 
and 
clipping 
."ect. 
described 
in 
the 
t•• t. 
Second, 
thl' 
volta,. 
lource 
in 
the 
Thev."!n 
_,uiva •• "t of 
the 
•• pli,te", 
i. 
cantrolled 
bV t~. 
input 
volt ••• 
in accordanc. 
with 
an 
input-output 
curve 
d.fined 
el,ewher. 
in the 
PT"ogT".~. 


The an.lv.i •• ppl1e •• 
sinusoid.l 
input 
sign.l 
0' a~bit~arv 
a.plitude, 
at the 
oscillation 
'~eq,uenclJ'to the 
XTALI 
pin, 
then 
calculates 
the ~Isulting 
waveform 
'rom 
the voltag. 
sou~c •. Using 
standard 
Fourier 
tlchniquI', 
thl 
'und.~.ntal 
f~l,u.ncv 
compon.nt 
of 
this wav,'orm 
il I.tracted. 
This 
frlquencv 
component 
i. then 
multiplied 
bV 
tho he tor 
IZL/IZL+AOI 
I. and 
tho 
rllult 
is 
takon 
to 
be 
the 
oignll 
appeering 
at 
tho 
XTAL2 
pin. 
This 
signal 
is 
then 
Multiplied 
bV 
tho 
feodback 
ratio 
lbotal. 
and 
tho 
result 
is 
taken 
to 
be the 
aignal 
.pp.aring 
at 
the XTALI 
pin. 
The algorithm 
11 no~ 
~.p.at.d 
using 
thil 
comput.d 
XTALI 
signal 
al the a.sumed 
input 
sinuloid. 
Everv 
t1",e thl algorithlft11 ~.p.at.d. 
n••••valu •• app.ar .t 
XTALI 
and 
XTAL2, 
but 
the valuis 
c~.ngl 
1'•• and 
1••• with 
.ach 
repetition. 
Eventuallv 
thov 
stop 
changing 
.. Thls 
is 
the 
steadv-stato. 


The algorithm 
i. al follow •. 


1. Co~,ut. 
approlimat, 
oscillat10n 
fr.qu.ncv. 


2. C.ll 
• circuit 
an.lv.il 
at 
thil 
frlqu.ncV. 
3. 
Find 
the 
~uioscont 
levols 
at 
XTALI 
and 
XTAL2 
Ita 
establilh 
the 
beginning 
DC 
lovol 
at 
XTALII. 
4. 
Anumo 
an 
initial 
amplltudo 
for 
tho 
XTALI 
signal. 


,. Cor,.ect the DC 
lev.l 
at XTALI 'or 
clamping 
""Ctl, 
l' n.c •••• r.,. 


6. U.ing 
the appropriate 
input-output 
CU1"VI, eatract 
• DC 
l,vIl 
and 
tho 
fundamontal 
fro~uoncv 
component 
IMultip1V1ng 
the 
latter 
bV 


IZLI 
IZL+AOI 
II. 


Cli, 
o'f 
the nlgatlv. 
portion 
of thil 
output 
li,nal. 
if the 
neQ.tiv~ 
p~lk 
fIll. 
b~low 
'era. 


If this 
11gn.L 
multlplild 
tlV (bite), 
dl".,.1 
'rom 
the 
input 
amplltudl 
bV 
1,•• than 
l~V. 
or 
l' the algorithm 
h•• b••n r.p •• t.d 
10 tim ••.• 
,1t 
the rout In. 
Otherwise. 
mUlti~lV 
thl 
XTAL~ 
.mpl1tudl 
bV 
(bet.> 
.nd 
f •• d 
it 
back 
to 
HALl. 
and 
go 
bad 
to 
5 


inter 


46~00 
QOSUB 
~700 
47000 
REM 
47100 
REM 
47200 
QOSUB 
47300 
PRINT 
47400 
QOSUB 
47:100 PRINT 
47600 
REM 
47700 
REM 
3 
FIND 
QUIESCENT 
POINT 
47800 
REM 
(At 
qui •• eenel' 
thw 
voltAges 
.t 
XTALI 
and 
XTAL2 .r. 
equal. 
This 
47CJOO RE" 
voltA,_ 
leveJ 
i. 
found 
b\l 
trIAl-and-error, 
b.l.d 
on 
the 
input- 
48000 
AE" 
output 
curve. 
.0 
th.t 
• 
person 
can 
change 
the 
input-output 
curve 
48100 
REM 
•• 
d.,i"ed 
without 
"avlng 
to 
.,..-calculate 
the 
qUi •• cent 
point. 
) 
48200 
VI - 0 
48300 
VB - I 
48400 
III - I 
48:100 VI - VI + VB 
48600 
QOSUB 
13600 
48700 
IF ABS<VO-VIl(.OOI 
THEN 4~200 
4BBOO 
IF III+SQN(VO-VIl-O 
THEN 
48~00 
ELSE 
48:100 
48~00 
III - SQN<VO~VII 
4~000 
VB - -VB/IO 
4~100 
QOTO 
48:100 
4~2oo 
VB - VI 
4~3oo 
PRINT 
"OUIESCENT 
POINT 
- ".VB 
4~4oo 
REM 
4~:l00 REM 
4~6oo 
EI - 
4~7oo 
NIl" - 
4~BOO 
REM 
4~~00 
REM 
:I.CORRECT 
FOR CLAMPING 
EFFECTS. 
IF NECESSARY. 


~ 
RE" 
(Kl 
and 
K2 
are 
curve-fitting 
parameters 
for 
the 
ROM 
parts. 


:10100 III - 
(2.:I-VBII (3-\'BI 
:10200112 - 
(VB-I.2:11/(3-V91 
:10300 IF IC"-2 OR 
IC%-4 TI~EN IF EI«VB+ 
:IITHEN 
EO - VB ELSE 
EO - EI - 
:I 
:10400 IF IC"-I OR 
IC"-3 
TI~N 
IF EI«VB+ 
:II THEr~ EO • VB ELSE 
EO - III*EI+1I2 
:10:100NIl" - NRX 
+ I 
:10600 REM 
:10700 REM 
:lOBOO VO - 0 
:l0~00 VC - 0 
:11000 VS - 0 
:11100 FOR NX - -2:1 TO +24 
:11200 VI - EO - EI*COS(PI<tNX/2:i1 
:11300 QOSUB 
13600 
:11400 VO - VO + VO 
:11500 VC • VC + VO*COS(PI<tNX/2:11 
:11600 \IS - VS + VO*SIN<P\i'N%/2:i1 
:11700 NEXT 
NX 
:IIBOO 
VO - VO/:lO 
:l1~ 
VI - SOR(VC-2+VS~2)/2:1*FNZM(RL. XLl/FNZM( (RL+RoI. XLI 
:12000 REM 
:12100 REM 
7. CLIP 
XTAl.2 SIGNAL. 


:12200 IF VO-VI(O 
THEN 
VL .,0 ELSE 
VL • VO-VI 
:12300 PRINT 
PRINT 
"XTALl 
SWING 
= ";EO-EI;" 
TO 
";EO+EI 
:12400 PRINT 
"XTAL2 
SWING" 
";VL.·· TO 
".VO+VI 
52:100 REM 
:12600 REM 
8. TEST 
FOR 
TERMINATION 


:12700 IF.I\IlSte:l-V.I*Il)<.OOI 
DR NR?\=IO T!"<EN RETURN 
:12800 REM 
:l2~00 REM 
:13000 EI = 
53100 
GOTO 


2. CALL 
20800 
PRINT 
26600 
PRINT 


4. ASSUME 
AN 
INITIAL 
AMPLITUDE 
FOR 
THE 
XTALI 
SIQNAL. 


01 
o 


~ 
VI*B 
50300 


